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Here authoritative film that answers many questions 
the theory corrosion and demonstrates methods 
which controlled. Presented color and sound, 
ranges from the formation anodes and cathodes 
through the use galvanizing, inhibitors, metallizing, 
cathodic protection, alloys and protective coatings. 

You will see how many corrosion problems industries 
such yours are being solved Dimetcote, 
one-coat zinc silicate protective coating. 

This film will well worth minutes your time. 
arrange showing for you and your associates, 
learn when will shown your area, contact 


any the Amercoat offices listed below. 


Dept. 4809 Firestone Boulevard 
South Gate, California 


921 Pitner Avenue Evanston, 

2404 Dennis Street Jacksonville, Florida 

®@ 360 Carnegie Avenue + Kenilworth, New Jersey 
6530 Supply Row Houston, Texas 


Typical audience reactions: 
Bishop, fair-sized 
test after seeing this film.” 


Louisville, many 
questions. Second showing 


Cincinnati, personnel 
evidenced considerable interest.” 


Netherlands shows 
led 45-minute discussions.” 
Fairport, interesting. 
Will try methods 


Las Piedras, 
ideas work near future.” 


Bartlesville, 
key men from five divisions.” 


Answers these and other 
questions: 


What produces electrolytic corrosion? 
What factors favor hot-dip 
galvanizing? 

How important surface preparation? 
Can coating survive tank fire? 
Can rust tankers controlled? 


Can coating offer cathodic 
protection? 

What are the corrosion problems 
offshore rigs? 

What are the advantages 

zinc 


How can chemical plants 
cut painting costs? 
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Distributor 
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105 Rockleigh Place—OLive 4-6536—Houston 17, Texas 


MODEL 


Meter 


for Corrosion 
Testing 


Dual range 1000 ohm/volts and 62,500 
ohm/volts meter designed practicing 
corrosion engineers perform all the 
necessary measurements connection 
with the installation and control 
cathodic protection systems. You 
will find this rugged instrument 
just what you have been looking 
for give the precise measure- 
ments you need. Designed 
give reliable readings field 

use. 


COMPACT 
Light-Weight 


Complete With All Normally 
Used Controls and Adjustments 


Specifications include: and meter circuits usable separately, the same time com- 
bination. circuit permits using meter calibrated potentiometer voltmeter. circuit 
also incorporates low resistance millivolt/voltmeter with full scale ranges from 100 
circuit incorporates high resistance millivolt/voltmeter with full scale ranges from 100 
and zero resistance milliammeter/ammeter circuits. Shorting positions are available range 
switches for meter protection. Also many other useful features. Custom circuits may 
added. 


Write for 
Technical Data 
CATHODIC PROTECTION Sheet 
Describing 
Model W-2 


ENGINEERING CORP. 


Meter full 
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protect our well casings the high-potential, 
low-cost way with Galvomag anodes” 


SAYS CHIEF CORROSION ENGINEER: 
“Galvomag magnesium anodes are inexpensive, easy install and check. 
They deliver good output and long life, require power source and 
maintenance.” 


Galvomag® magnesium anodes pack 25% more throwing 
power than conventional anodes. This mighty handy 
feature have when working with highly resistive 
soils. And normal soils, four Galvomag anodes can the 
work five conventional anodes. 


Galvomag anodes are widespread use the petroleum 
industry, protecting well casings, tanks, pipelines and other 
underground equipment. Find out now how Galvomag and 
magnesium anodes can bring you lower cost 
protection. For facts, figures and technical assistance, get 
touch with one our distributors listed below write 
us. THE DOW CHEMICAL COMPANY, Midland, Michigan, 


Department 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas Corrosion Services, Tulsa, Oklahoma Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. Ets-Hokin Galvan, San Francisco, Calif. The Harco Corp., Cleveland, 
Ohio Interprovincial Corrosion Control Co., Burlington, Ontario Royston Laboratories, Inc., Blawnox, Penna. Stuart Steel Protection 


Corp., Plainfield, N.J. The Vanode Co., Pasadena, Calif. 
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devoted entirely corrosion 
research and control 
iblished monthly as its official journal, by the Na- 
onal Association of Cortosion Engineers, Inc., at 
ouston, Texas, U. S. A., as a permanent recortt of 
ogress in corrosion control. 
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Effect Increasing the Area Iron Zine the Rate 
Reversal Potential System—A Technical Note 
Henry Shuldener and Leo 


Coating Evaluation Testing Program 


Failure Type 316 Stainless Steel Autoclave Components 


Corrosion Properties Tantalum, Columbium, Molybdenum 
And Tungsten 
Discussion: Otto Fenner, William Wilson, Eugene 


Edwards, Page 32; Replies Clifford Hampel, Page 32. 


Criteria for Adequate Cathodic Protection Coated, Buried 
Submerged Steel Pipe Lines and Similar Steel Structures— 
Report NACE Technical Unit Committee T-2C Criteria 
For Cathodic Protection. Publication 58-15............. 


Hydrogen Absorption, Desorption and 
Permeation Metals 


Evaluation Refinery Corrosion Inhibitors 

Corrosion Refinery Equipment During Acid Cleaning 


Study the Corrosion Iron and 
Some Ferrous Alloys Sulfur Dioxide 


Cathodic Protection and High Resistivity Soil—A Sequel 
Discussion: Maitland, Page 59; Reply Van 
Nouhuys, Page 59. 


Chloride Stress Corrosion Cracking Austenitic Stainless 
Steel—Effect Temperature and 


DISCUSSIONS 


Protection Lead Cable Sheath the Presence Alkali 
From Deicing Salts: Lowden, Page 65; Reply Bruck- 
ner and Lichtenberger, Page 65. 


Corrosion Rates Mild Steel NH,NO, NH; Solutions: 
Cartledge, Thomas Hoffman, Page 65; Reply Norman Hacker- 
man, Page 65. 


Methods for Increasing the Corrosion Resistance Metal Alloys: 
Higgins, Page 65; Reply Tomashov, Page 66. 


Corrosion Steel Water Varied Ratios Dissolved Gases: Joe 
Chittum, Lee Craig, Jr., Page 66; Replies Wade Watkins, 
Page 66. 


(Continued Page 


Copyright 1958 the National Association Corrosion Engineers, Reproduction the contents, either whole 
in part, is forbidden unless specific permission has been obtained from the Publishers of CORROSION. Articles pre- 
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Officers or Members of the National Association of Corrosion Engineers, Manuscripts to be considered for publication 
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TECHNICAL SECTION 


The Corrosion Behavior Zirconium-Uranium Alloys High Tem- 
perature Water: Cornelius Groot, Page 66; Misch, Page 67; 
Kass and Goldman, Page 67; Replies Warren Berry 
and Robert Peoples, Pages 66-69. 


Removal Corrosion Products from High Temperature, High Purity 
Water System With Axial Bed Filter: Pearl, Page 68. 


The Corrosion Resistance Ductile Iron: Manuel, Michel Paris, 
Page 68; Sidney Low, Page 69; Replies LaQue, Pages MONTH’S COVER—When these shunts 
and 69. were operated 120 positive and 


Corrosion Rates Port Hueneme Harbor: Hugh Godard, Page 69; 


Reply Carl Brouillette, Page 70. roded) shunt was positive. (Photo Rochester 
Gas Electric Corp.) 
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Technical Section Contents, Alphabetical Author Index, EDITORIAL STAFF 
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Section Discusses San Francisco Section ELM 
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General News JOHN HALBIG THOMPSON 


Armour Foundation Research Educational Programs Discussed TRISHMAN 


Color Film Corrosion Industry Society Meeting 
Book News 
Longest Offshore Platform Have New Products 


Cathodic Protection ‘ici es Men in the News... GORDON B. SMITH—Non-Ferrous Metals 
NORMAN GROVES—Pulp, Paper, Mining and Food 
Technical Topics Production and 


Pipe Lines 


Petroleum Refineries—Four Case Histories 
‘als 
Corrosion Control Courses—What Colleges Are Teaching MINOR—Telephone, Telegraph and Radio 


Industry 


INDEX CORROSION KENDALL—Fresh and Salt Water 


SUBSCRIPTION RATES (Post Paid) CORROSION, 1061 Bldg., Houston Texas 


Non-Members NACE, remittances should international BUSINESS STAFF 
Non-Members NACE postal express money order bank draft 

funds. Entered second class matter Managing Editor and Advertising Manager 
1945-65 Inclusive, Per Copy.. October 31, 1946, the Post Office Houston, 
Libraries Educational Institutions Texas, under the act March 1879. HULL 


CORROSION Indexed Regularly Engi- (Executive Secretary NACE) Business Manager 


NACE Members Recetve CORROSION as a Part neering Index and Applied Science and Tech- 


of Their Membership at No Extra Charge nology Index, GENERAL OFFICES 
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Houston 2, Texas 
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NACE TECHNICAL REPORTS 


Scheduled for Publication CORROSION 


January: 


Precautionary Procedures Chemical Cleaning. 
Contribution the Work NACE Technical 
Unit Committee T-8A Chemical Cleaning 
Robert Stander, Chemical Service., Inc., La- 
fayette, La. 


February: 

Well Completion and Corrosion High Pressure 
Gas Wells. Status Report NACE Task Group 
T-1B-1 Fincher, Tidewater Oil Co., Hous- 


ton; Oxford, Jr., Sun Oil Co., Beaumont; 
Sullivan, United Gas Corp., Shreveport, La. 


Chloride Stress Corrosion Cracking the Austenitic 
Stainless Steels. Contribution the Work 
NACE Group Committee T-8 via Task Group 
Floyd and Rosene, Dow Chemical Co., Tulsa. 


(Persons interested the work NACE technical com- 
mittees are invited write Vander Henst, Jr., 
technical committee secretary, indicating the commit- 
tee which they are interested. list committees 
and their titles will published January COR- 
ROSION. copy the NACE Technical Committee Di- 
rectory may obtained request.) 


Part 7000’ Bart pip 
running from Diamond Alkali 
to river storage tank. 


MANUFACTURING CORPORATION 
CHEMICAL PUMPS ENGINEERING DESIGN SERVICES 


CAUSTIC 


handling problem 


solved ART 


pipe 

the Muscle Shoals chlorine-caustic soda 
plant Diamond Alkali, one the largest 
its kind, BART Lectro-Clad pipe carries 
hot caustics storage tank—efficiently and 
economically. 


YOU HANDLE CORROSIVES ANY KIND— 


Investigate BART Lectro-Clad pipe and fit- 
tings. Providing smooth, ductile, pore-free 
coating nickel its purest form, they 
combine high strength, heat tolerance, and 
remarkable ease fabrication and mainte- 
nance. Most sizes readily available, others 
order. Write distributor for full technical 
data. Michigan Pipe Co., 2415 Burdette 
Ave., Ferndale, Michigan. 


227 Main Street, Dept. Belleville 


Wayne Johnson, president, 
and his associates Corro- 
sion Rectifying Co., Inc., are 
well-known corrosion preven- 
tion specialists with head- 
Houston and 
Southeastern Divisional 
fices New Orleans. Their 
work concentrated de- 
signing and installing corro- 
sion rectifying systems for 
pipelines, refineries and oil 
producing companies. Call 
them for prompt and experi- 
enced surveys, systems and 


quarters 


materials. 


JAMES CONDRY 
Southeastern 
Division Manager 


SURVEYS 


FEASIBILITY STUDIES 


DESIGNS 


INSTALLATIONS 


EQUIPMENT 


un 


WAYNE JOHNSON 


CORROSION RECTIFYING CO., INC. 


5310 Ashbrook 
Box 19177 


7-6659 
HOUSTON, TEXAS 
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THE MODERN WORK FOR MODERN INDUSTRY 


Polyken Protective Tape 
Coating tough and long- 
why 
maintenance men prefer 
costly repainting. 


Polyken poly- 
ethylene tape 
coating... 
elastic, inert, 
offering stable 
protection un- 
der severe 
chemical con- 
ditions. 


Polyken’s doubly thick 
adhesive system holds 
tight seals voids... 
bonds clean surfaces 
without prime.. 


start 


your local Polyken distributor) 


Atlanta, Georgia: Steele 
Associates, Inc. 

Cincinnati, Ohio: Hare Co. 


Cleveland, Ohio: The Harco Corp. Pittsburgh, Pa.: Royston 
Laboratories, Inc. 


Minneapolis, Minn.: Simcoe 
Equipment Co. 


Denver, Colo.: Patterson 
Supply Co. Plainfield, New Jersey: Stuart 


Polyken 


PROTECTIVE COATING 


Polyken Sales Division 


Des Moines, The Donald Corp. 
Fort Worth, Texas: Plastic 
Engineering Sales Corp. 

Gretna, La.: Allen Cathodic 
Protection Co. 

Houston, Texas: Cathodic 
Protection Service 

Kansas City, Mo.: Industrial 
Engineering Co. 


Long Beach, Barnes 
Delaney 


Steel Protection Corp. 


St. Louis, Mo.: Shutt Process 
Equipment Corp. 


San Francisco, Aetna Sales 
Co. 


Seattle, Wash.: Farwest Corrosion 
Control Corp. 


Seattle, Wash.: Pacific Water 
Works Supply Co. 


Tulsa, Okla.: William Cluff Corp. 
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pulp from thickeners disposal pond. Smaller 
Transite Line right carries water mill. 


Transite pipeline serves discharge manifold 


Priced right...formulated right— 
Transite Pipe offers excellent economic life 


copper tailings disposal! 


Few industries must dispose any- 
thing quite like the rough, half-solid 
residue copper tailings disposal. 
For such service the right combina- 
tion cost and long life must for 
peak system economy. 


That’s why engineers Inspiration 
Consolidated Copper Company chose 
carry process pulp before and after 
and transmit and dis- 
tribute the tailings and entirely 
the 105-acre disposal pond 
zhown above. 


Made rugged, asbestos-cement 
formulation, Transite gives long life 
with minimum maintenance. this, 
add Transite’s low cost and installa- 
tion economies and you see why 
offers excellent economic life 
process-waste disposal service. 


Transite keeps installation costs 
low because lightweight, easily 


completely encircling 105-acre disposal 


handled and quickly assembled 
with the patented Ring-Tite Cou- 
pling. Goes easily with handling 
equipment needed only the larger 
diameters. 

Let send you the informative 
new folder TR-51A. Address Johns- 
Manville, Box CO, New York 16, 
Send for today! 


JOHNS -MANVILLE 
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A. R. Murdison, Director, Winnipeg 
Pi Line Company Limited, 208 
Street, Winnipeg 
Manitoba. 

Research Council, 
C., Vancouver C., Can- 
ada. 

Aluminum Company Canada, 
Ltd., 1700 Sun Life Building, 
Montreal, Quebec, Canada. 

Brander, Secretary-Treas- 
urer; Northwestern Utilities, 
Ltd., 10124 104th Street, Edmon- 
ton, Alberta, Canada. 


Calgary Section 

McIntosh, Chairman; Britamoil 
Pipe Line Co. Ltd., Box 130, 
Calgary, Alberta, 

Mainland, Vice-Chairman; Impe- 
rial Ltd., Tech. Serv. Lab., 
300 9th Avenue, West, Calgary, 
Alberta, Canada 

E. W. Abercrombie, Secretary-Treas- 
urer; Aluminum Can- 
ada, 118 5th Avenue, Cal- 
gary, Alberta, Canada 


Edmonton Section 

W. H. (Bud) Seager, Chairman; In- 
terprovincial Pipe Line Co., North- 
ate Bldg., 10049 Jasper Ave., 
Edmonton, Alberta, Canada 

Evans Moore, Vice-Chairman; In- 
terprovincial Pipe Line Co., North- 
gate Bldg., 10049 Jasper Ave., 
Edmonton, Alberta, Canada 

Daniel J. MacQuarrie, Secretary- 
Treasurer; The Imperial Pipe Line 
Co., Ltd., 11140 109 Street, Ed- 
monton, Alberta, Canada 


@ Hamilton-Niagara Section 

Hyslop, Chairman; United 
Gas Fuel Co., Hamilton, Ltd., 
King St. E., Hamilton, Ontario, 
Canada 


Montreal Section 

Yates, Chairman; Redpath 
Library, McGill University, 3459 
McTavish Street, Montreal, 
Quebec, Canada 

Phillips, Vice Chairman; Mc- 
Coll-Frontenac Oil Company Ltd., 
10200 Notre Dame Street, East; 
Montreal, Quebec, Canada 


Bird, Sec.-Treas.; Aluminum 
Company Canada, Ltd., 1700 
Sun Life Building, Montreal, 
Quebec, Canada 


Toronto Section 


Webster, Chairman; Corrosion 
Service Ltd., Dundonald Street, 
Toronto, Ontario, Canada 

Landon, Vice-Chairman; Con- 
sumers’ Gas Company Toronto, 
Mutual Street, Toronto, Canada 

Frank Farrer, Secretary-Treasurer; 
Trans-Northern Pipeline Co., Ltd., 
696 Yonge Street, Toronto, Ontario, 
Canada 


Vancouver Section 

John Gray, Chairman; 
Electric Company, 970 Burrard 
Street, Vancouver 1, B. C. 

C. Harrison Townsend, Vice-Chair- 
man; 2980 Thorncliff Avenue, 
North Vancouver, B. C. 

John Whitton, Secretary; 2210 
12th Avenue, Vancouver 


W. Perry, Treasurer; Insulastic & 
Building Products Ltd., 586 West 
6th Avenue, Vancouver 

B. H. Levelton, Trustee; B. C. Re- 
search Council, University of B. C.. 
Vancouver 8, B. C., Canada 
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CENTRAL 


Haase, Director; Corrosion 
Consultant, 2202 South 28th Street, 
Milwaukee, Wisconsin 

Hare, Chairman; Hare Equip- 
ment Company, 1720 Section Road, 
Cincinnati 37, Ohio 
Weast, Vice-Chairman; Case 
Institute Technology, 10900 Eu- 
clid Avenue, Cleveland Ohio. 


eo. Meyer Manufacturing Com- 

Meyer Pl. Dunmore Court, 
Cudahy, Wis. 


Chicago Section 

Boone, Chairman; 116 Iroquois 
Drive, Black Hawk Heights, Clar- 
endon Hills, Illinois 

4100 Kedzie Ave., 

Chicago, 

Keefe, Secretary; Swift and 
Company, Union Stock Yards, 
Chicago Illinois 

Wayne Schultz, Treasurer; Dearborn 
Chemical Company, 
dise Mart, Chicago 54, Illinois 


Cleveland Section 

Alkali Company, Box 430, 
Painesville, Ohio 

John Scott, Vice Chairman; Truscon 
Laboratories, 1372 Primrose Drive, 
Mentor, Ohio 


Peter Skule, Secretary-Treasurer; 
East Ohio Gas Company, 1405 
East Sixth Street, Cleveland 13, 
Ohio 


Detroit Section 


David Hill, Chairman; Timken- 
Detroit Axle Company, 
Clark Avenue, Detroit, Mich. 

Gleekman, Vice-Chairman; 
Wyandotte Chemicals Co. 1609 
Biddle Ave., Wyandotte, Mich. 

Carl Durbin, Secretary; Chrysler 
Engr. Div., Box 
1118, Detroit, Mich. 

Euel Vines, Treasurer; Koppers 
Company, Inc. 301 Eight Mile 
Road, Detroit, Mich. 


Eastern Wisconsin Section 

Witort, Chairman; Steel Sales 
Company, 
Milwaukee Wis. 

David Vice-Chairman; 
Smith Corp., Dept. 9753, 
Box 584, Milwaukee Wis. 

Harold F. Haase, Secretary-Treasurer; 
Consultant, 28th Street, 
Milwaukee 15, Wisconsin 


SOUTH CENTRAL- 


Greater St. Louis Section 


Charles W, Ambler, Chairman; 
American Zinc, Lead Smelting 
Co., Box 495, East St, Louis, 
Illinois 

Oliver Siebert, Vice-Chairman; 
Mensanto Chemical Company, W. 

Krummrich Plant, Monsanto, 
Illinois 

Dean Jarboe, Secretary; Celucoat 
Corp., 6161 Maple Avenue, St. 
Louis 14, Missouri 

A. O. Fisher, Treasurer; Engineering 
Dept., Monsanto Chemical Com- 

any, Lindbergh Olive St. Road, 
Louis 24, Misouri 


Kansas City Section 


Singer, Chairman; The Gas 
Service Company, 824 Grand Ave- 
nue, Kansas City, Mo. 

Jack Grady, Vice Chairman; 
L. Grad 427-20 West 
9th St. ansas City, Mo. 

Daniel Werner, Sec.-Treas.; 
American Tel. Tel. Co., Room 
1701, 324 East 11th Street, Kansas 
City, Mo. 


Southwestern Section 

Hare, Chairman; Hare Equip- 
ment, 1720 Section Road, Cincin- 
nati 37, Ohio 

Wood, Vice Chairman; Cin- 
cinnati Gas Electric Company, 
Box 960, Cincinnati, Ohio 

Clifford Jones, Secretary; Cincin- 
nati Gas Electric Company, 2120 
Dana Avenue, Cincinnati Ohio 

Arthur Caster, Treasurer; Engi- 
neering Department, City Cin- 
cinnati, Room 406, City 
Cincinnati Ohio 


REGION 


Frank E. Costanzo, Director; 253 
Ryan Drive, Pittsburgh 20, Pa. 


Edward Simons, Chairman; 
Company, Re- 
search Laboratory, Box 
1088, Schenectady, New York. 


John Beiswanger, Vice- 
Chairman; General Aniline 
Film Corp., Lincoln and Coal 
Streets, Easton, Pa. 

Wayne Binger, Secretary- 
Treasurer; Research Laborato- 
ries, Aluminum Company Amer- 
ica, Box 1012, New Ken- 
sington, Pa. 


Baltimore-Washington Section 

Clifton Burton, Chairman; Re- 
search Laboratories, Armco Steel 
Corporation, 3400 Chase, Balti- 

more 13, Maryland 


Washington Gas Company, 
1100 Street, W., Washington 


Herbert Lewis, Secretary-Trea: 
urer; The Southern 
Co., 1620 Bush Street, 

30, Maryland 


Central New York Section 

Orrin Broberg, Chairman; Lamso- 
Corporation, Syracuse, New York 

Andrew Vice-Chairman 
Niagara Mohaw Power Corp., 
Erie Boulevard West, Syracuse 


Charles E, Ward, Sccretary-Treas 
urer; Foxberry Lane, Bayberry, 
Liverpool, New York 


Genesee Valley Section 

Paul Lahr, Chairman; Goulds Pumps, 
Box 330, Seneca Falls, 

John H. Carlock, Vice-Chairman; 28 
Austin Drive, Penfield, New York 

E. Grant Pike, Secretary-Treasurer; 
Dollinger Corp., 11 Centre Park, 
Rochester, N. Y. 


Greater Boston Section 


Walter Langlois, Chairman; West- 
inghouse Electric Corporation, 220 
Nichols Street, Norwood, Mass. 

B. F. Barnwall, Vice-Chairman; 
Technical Coatings, Inc. Box 
63, Millbrook Station, Duxbury, 
Mass. 

Manson Glover, Secretary-Treasurer; 
Glover Company, Inc. 215 
Pleasant St., Stoughton, Mass. 


@ Kanawha Valley Section 


Col. George Cox, Chairman; 3711 
ton Ave., E., Charleston 

Conrad Wiegers, Vice-Chairman; 
Allied Service, Inc., 160 Spring St., 
Station Charleston, Va. 

Kenneth R. Gosnell, Secretary; Dev. 
Dept., Union Carbide Chemicals 
Co., South Charleston, Va. 

Pont de Nemours Co., Charleston, 
Va. 


Lehigh Valley Section 


Kenneth Cann, Chairman; Inger- 
Company, Phillipsburg, 


L._H. Dale, Vice Chairman; 209 
Fifth St., Berwick, Pa. 
Roger Longenecker, Secretary- 
reasurer; The Glidden Company, 
Reading, Pa. 


Metropolitan New York Section 
N. N. Ehinger, Chairman; Alu- 


minum Company America, 230 
Avenue, New York 17, 


Minor, Vice-Chairman; 
American Telephone & Telegraph 
Co., 195 Broadway, New York 

Ebasco Services, Inc., 2 Rector 
Street, New York 


Niagara Frontier Section 


Walter Szymanski, Chairman; 
Hooker Electrochemical Co., 
Box 344, Niagara Falls, New York. 

H. A. Andersen, Vice-Chairman; Car- 
borundum Metals Inc., 
Box 32, Akron, New York. 

Stern, Sceretary-Treasurer; Metals 
Research Labs., Electro Metallurg- 
ical Co., Box 580, Niagara 
Falls, New York. 


Philadelphia Section 


Walter Burton, Chairman; Gen- 
eral Chemical Division, Allied 
Chemical Corp., Camden 

Robert Mercer, Vice-Chairman; 
Pennsalt Chemicals Corp., White- 
marsh Research Labs., Box 
4388, Chestnut Hill O., Phila- 
delphia 18, Pa. 

J._K. Deichler, Secretary-Treasurer; 
Supt., Mechanical Inspection Dept., 
The Atlantic Refining Company, 
Refining Div., 3144 Passyunk Ave., 
Philadelphia, Pa. 

(Continued Page 10) 
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conditions the pipe for coating! But, don’t worry, John 
Wachuck knows exactly what his Roto-Grit blast machine 
can do. His fingertips control millions tiny steel grits that 
the pipe silver-bright the coatings will bond 
perfectly! John, and the men who work with him, are your 
best guarantee Hill-Hubbell craftmanship. Their skill as- 
sures you consistent quality! 


When pipe coated and wrapped, calls for the precision 
factory-application and 
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Gen- 
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Pittsburgh Section 


Research Monroeville, Pa. 

Oil Pittsb burgh, Pa. 

Grant Allegheny 
Ludlum Steel Corp., Brackenridge, 


Pa. 

John Vrable, Treasurer; New York 
State Natural Gas Company, 
Gateway Center, Pittsburgh, Pa. 


Schenectady-Albany-Troy Section 


Dr. Cataldi, Chairman; 
eral Electric Company, Buildin 
River Road, Schenectady, 
York 

Clark, Vice-Chairman; Alco Prod- 
ucts, Inc., Nott Street, Schenec- 
tady, New York 


Williams, Sec.-Treas.; SAR 
Auxiliary Design, Knolls 
Atomic Power Lab., oom 116, 
Bldg. P-2, Schenectady, New York 


Southern New England Section 

Tice, Chairman; The Interna- 
tional Nickel Company, Pearl 
Street, Hartford, Conn. 

Archer Hamilton, Vice-Chairman; 
The Hartford Gas Company, 233 
Pearl, Hartford Conn 

William W. Steinert, 
urer; A. 'V. Smith Company, P. O 
Box West Hartford, Conn. 


John West, Director; Aluminum 
America, 1615 Peach- 
tree St., N. E., Atlanta, Ga. 


Robert Williams, Chairman; Cela- 
nese Corporation, 107 Cedar Lane, 
Charlotte, N. C. 


George Jeffares, Vice-Chairman; 
Plantation Pipe Line Co., P, O. 
Box 1743, Atlanta, Ga. 


John B. Paisley, Jr., Sec.-Treasurer; 
American Tel. & Tel. Co., 1 Brown 
Marx Bldg., Birmingham, *Ala. 


James L. English, Asst. Sec.-Treas- 
urer; Oak Ridge National Lab., 223 
Virginia Rd., Oak Ridge, Tenn. 


Atlanta Section 


Jay Steele, Chairman; Steele 
Associates, Inc., 1008 Crescent 
Avenue, N. E., Atlanta, Ga. 

James McArdle, Jr., Vice-Chair- 
man; American Telephone Tele- 
graph Company, 917 Hurt Build- 
ing, Atlanta, Ga. 

I. N. Howell, Jr., Secretary-Treas- 
urer; Southern Bell Telephone & 
Telegraph Company, Room 431 
Hurt Building, Atlanta, Ga, 


Birmingham Section 
Ralph Cunningham, Chairman; 
Steele & Associates, Inc., 616 Caro- 


lyn Courts, Biscayne "Highlands, 
Birmingham, Ala. 


John Paisley, Jr., Vice-Chairman; 
Marx Birmingham, 


Marion Fink, Secretary-Treasurer; 
Tennessee Coal Iron Div., 

Box 599, Fairfield, Ala. 


Lawrence Hicks, Assistant Secretary- 
Treasurer; Southern Natural Gas 
Company, P. O. Box 2563, Bir- 


mingham Ala, 


Carolinas Section 


stone ting Box 
8282, Charlotte, 

Ray Penrose, Vice-Chairman; Alumi- 
num Company of America, 1000 
Wachovia Bank Building, Char- 
lotte, 

Robert Gardner, Secretary-Treas- 
urer; Koppers Company, Inc., Tar 
Products Div., Box 1688, 
Charlotte, 


East Tennessee Section 


James A. McLaren, Chairman; Oak 
Ridge National Laborato Biv. 
Union Carbide Corp., Box 
Oak Ridge, Tennessee 

Knox, Sec.-Treas.; Oak 

National Laboratories, 
Ridge, "Tenn. 


Jacksonville (Fla.) Section 


Arthur Smith, Chairman; Amer- 
coat Corporation, Box 2977, 
Jacksonville, Fla. 

Charles Carlisle, Vice-Chairman; In- 
Marine Service Co., Inc 
Box 3641, Station Jackson- 
ville, Fla. 

John Hancock, Secretary-Treasurer; 
Electric Water Utilities, 
Utilities Bldg. 

aura Street, Jacksonville, 


Miami Section 

Howard Bonebrake, Chairman; Alu- 
mium Co. America, 1605 Alfred 
DuPont Building, Miami, 
Florida 

Harvey Sasman, Vice-Chairman; Sas- 


man Engineering Co., Box 
452, Miami, Florida 


John Burns, Secretary-Treasurer; 
Florida Power Light 
Box 3311, Miami, Florida 


Ohio Valley Section 


ville, Ky. 


pliance Park, Room 249E, 
Electric Company, Louis- 
ville, Ky. 

Klein, Secretary-Treasurer; 
Texas Gas Transmission Corpora- 


St., Ownesboro, Ky: 


Tidewater Section 
George Lufsey, Chairman; Vir- 
1194, Richmond, Virginia 


Spicer, Vice-Chairman; 
The Chesapeake Potomac Tele- 
phone Co. Virginia, 703 East 
Grace Street, Richmond, Virginia 

Otis Streever, Secretary-Treasurer; 
Newport News Shipbuilding Dry 
Dock Company, Newport News, 
Virginia 


REGION 


Waldrip, Director; Gulf 


Corporation, 5311 


Houston, Texas 


Spalding, Jr., Chairman; Sun 


Kirby Drive, 


Caldwell, Vice-Chairman; Hum- 
ble Oil Refining Company, Box 
2180, Houston, Texas 


Levert, Secretary-Treasurer; 
United Gas Pipe Line Co., 
Box 1407, Shreveport, Louisiana 


Dan Carpenter, Asst. Secretary- 
Treasurer; Atlas 
Powder Box 8521, 
Oklahoma City, la. 


John Nee, Trustee- Lar 
Briner Paint Co., 
Agnes Street, Corpus Christi, 


Alamo Section 


Zane Morgan, Chairman; 814 
Seguin, Texas 
Ransom L. Ashley, Vice-Chairman; 


United Gas Line Com- 
pany, Box 421, San Antonio, Texas 


1771, San Antonio, Texas 


ASSOCIATION CORROSION ENGINEERS 


Carl Thorn, South- 
Bell Telephone Com- 
pany, Box 2540, San 
Antonio, Texas. 


Central Oklahoma Section 


Oklahoma, Norman, Okla. 

George Vice-Chairman; 2462 
37th Place, Oklahoma City 


12, 


General Asphalts, Inc. Box 
305, Wynnewood, Okl 


Prichard Corp. Liberty 

a. 


Corpus Christi Section 


Kenneth Sims, Chairman; Gas 
Division, Department Public 
Utilities, Box 111, Corpus 
Christi, Texas 


William Taylor, Vice-Chairman; Gas 
Department, Corpus 
Christi, Box 1622, Corpus 
Christi, Texas 


John Trustee; -Pon- 
Box 1581, Corpus Christi, 


East Texas Section 


Texas Salt Water Disposal Com- 
any, Box 633, Kilgore, 


Smith, Vice Chairman; 
1012 Bledsoe Street, Gilmer, 
Texas 


age, Texas 

Ike Hartsell, Treasurer; Treto- 
lite Company, Box 1181, 
Gladewater, Texas 


James Orchard, Trustee; Cardi- 
nal Chemical Company, 
Box 54, Longview, Texas 


Greater Baton Rouge Area Section 


Paul Weaver, Chairman; The Dow 
Chemical Company, 
vision, Commerce Building, Baton 
Rouge, La. 


Arthur H. Tuthill, Vice-Chairman; 
Valco Engineering, Inc., P. O. Box 
2918, Istrouma Station, Baton 
Rouge, La. 


Donald C. Townsend, Secretary- 


Treasurer; Ethyl Corporation, P. 
O. Box 341, Baton Rouge, La. 


Robert Eells, Trustee; Esso 


Standard Oil Company, Box 
551, Baton Rouge, La, 


Houston Section 


Wood, Jr., Chairman; Prod- 
ucts Research Service Inc., 3306 
Mercer, Houston, Texas 


Box 19393, Houston 24, Texas 


Melvin, Secretary-Treasurer; 
Carboline Company, P. O. Box 
14284, Houston 21, Texas 


Charles Woody, Trustee; United 
Gas Corporation, Box 2628, 
Houston Texas 


New Orleans Section 


Keith Ebner, Chairman; The 


Earl Gould, Vice-Chairman; Con- 
tinental Oil Co., Drawer 68, 
Harvey, La. 


Joe Redden, Secretary-Treasurer; 
Box 13216, New Orleans, La. 


Grosz, Trustee, The California 
Pagal P. O. Box 128, Harvey, 


North Texas Section 


Chairman; Dalles 
ower Light Company, 
Commerce Street, Dallas, Texas 


Oil Company, Box 2880, 
las, Texas. 

as, 


tion Profits, Inc., 8912 
Row, Dallas, Texas. 


Panhandle Section 

Company, Box 
Pampa, Texas 

Huber Corp., Street, 
Camp, Borger, Texas 

Tinker, Secretary-Treasurer: 
Phillips Petroleum Co., Box 327, 
Phillips, Texas 

St. Clair, Trustee; 
Co., Box 23, Whitedeer. 


Permian Basin Section 


Jack Collins, Chairman; Continental 
Oil Company, Box 3387, 
Odessa, Texas 


Roscoe Jarmon, Ist Vice-Chairman; 
Cardinal Chemical Co., Box 2049, 
Odessa, Texas 


Gulf Oil Corp., Box 362, 
Goldsmith, Texas 

Robert Booth, -Treas.; Plastic 
Applicators, Inc. Box 2748, 
Odessa, Texas 

John V. Soe. Trustee; The Texas 
Company, Production Box 
1270, Texas 


Rocky Mountain Section 


Paul Lewis, Chairman; Bureau 
Reclamation, Denver Federal Cen- 
ter, Denver, Col. 


Herbert Goodrich, Vice Chairman; 
American Tel. Tel. Company, 
810 14th Street, Denver, Col. 


born Chemical Company, Equitable 
Bldg., Room 245, Denver, Col. 

John Hopkins, Trustee; Protecto 
Wrap Company, 2255 So. Delaware 
Street, Denver, Col 


Sabine-Neches Section 


Machine Works, Box 
Beaumont, 

Paul McKim, Vice-Chairman; Socony- 
Paint Products Company, Box 
2848, Beaumont, Texas 


Port 


Coulter, Trustee; Cities Sevice 
Corp., Basic Refinery Lab- 
oratory, Lake Charles, La. 


Shreveport Section 


Irish, Chairman; Irish Engineer- 
ing Service, 760 Dodd St., Shreve- 
port, 


J._J. Wise, Vice Arkansas 
Louisiana Gas Box 1734 Shere- 
port, 


Howell, Secertary; Tube-Kote, 
700 Dodd, Shreveport, Louis- 


Treasurer; Arkansas 
Fuel Oil 1117, 


Sullivan, Trustee; United Gas 
Pipeline Co., 2302 Thornhill, Shreve- 
port, Louisiana. 


(Continued on Page 12) 
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ASSOCIATION CORROSION 


THERE’S BETTER protect pipelines 
against corrosion; combat chemical contamination! 


Whatever your corrosion problem, Glidden 
protective coating system will provide real 
umbrella protection; give you positive control 
corrosion and chemical contamination. 


Each Glidden system the result exten- 
sive research and testing, and has been proven 
numerous industrial applications. NU-PON 
COTE, for example, widely used for 
protecting pipelines, storage tanks, oil field 
equipment, chemical and industrial 
wherever excellent resistance chemical 


Cleveland 14, Ohio 


COATINGS FOR EVERY PURPOSE 
The Glidden Company 
INDUSTRIAL PAINT DIVISION 
Union Commerce Building 


fumes, general solvents, water, alkali condi- 
tions and abrasion required. 

part Glidden Technical Service, our 
field engineers will analyze your particular 
corrosion problem, and recommend the sys- 
tem designed give you positive protection 
lowest maintenance cost. 

Make sure you get both—Glidden mainte- 
nance coatings plus Glidden Technical Service 
—for real umbrella protection. 

Write for details. 


“THE GLIDDEN UMBRELLA” 
protection combines comprehensive 
technical service and tested formulations 
maintenance coatings for all industry. 
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Teche Section 
Max Suchanek, Chairman; 


roduct Engineer, Dowell 
830, Lafayette, La. 


Lee R. DeRouen, Vice-Chairman; 
Union Oil Gas Corp. Louisi- 
ana; 2nd Floor Pioneer Bldg., Lake 
Charles, La. 


John Stone, Secretary; Sunray 
Mid-Continent Oil Company, Pro- 
duction Dept., Box 1265, Oil 
Center Station, Lafayette, La. 


Sam E. Fairchild, Treasurer; Texas 
Pipe Line Company, Box 1145, Oil 
Center Station, Lafayette, La. 


ry Oil Center Station, Lafayette, 


Tulsa Section 


Orville Everett, Oklahoma 
Natural Gas 624 Boston, 
Tulsa, Okla. 


Parke Muir, Vice Chairman, Dowell, 
Inc., Box 536, Tulsa, Okla. 


John H. Hoff, Secretary, Reilly Tar 
& Chemical” Corp., 201 Enterprise 
Building, Tulsa, Okla. 


J.._ E. Himmelrich, Treasurer, Pitts- 
burgh Coke Chemical Co., 322 
Insurance Building, Tulsa, 


Hunter, Jr., Trustee; Service 
Pipe Line Company, P. Box 
1979, Tulsa, Oklahoma 


West Kansas Section 


Fanshier, Chairman; Corro- 
sion Rectifying Company, 
Great Bend, Kansas. 


Roy Junkins, Vice Chairman; Cities 
Main, Great Bend, Kansas. 


Ray Walsh, Sec.-Treas.; Aquaness 
Dept. Atlas Powder Company, 
1230 "Grant Street, Great Bend, 
Kansas. 

Koger, Trustee; Cities Serv- 
ice Oil Company, Cities Service 
Building, Bartlesville, Okla. 


Standard 
Oil Company California, 


Tandy, Director; 


Box 97, El Segundo, Cal. 


California Edison C 1 W. 5th 
Street, Los Angeles, 


Stark, Vice Chairman; 
Bakersfield, Cal. 


Schillmoller, Secretary-Treas- 
urer; The International Nickel 
Company, Inc., West Coast Tech- 
nical Section, 538 Petroleum Bldg., 
Los Angeles 15, Cal. 


Central Arizona Section 

Harold Newsom, Chairman; Rust- 
Proofing, Inc., Box 1671, 
Phoenix, Arizona 

William B. Lewellen, Vice-Chairman; 
Deer-O-Paints and Chemicals Ltd., 
Box 990, Phoenix, Arizona 


Lee Homrighausen, Secretary; Ari- 
zona Public Service Co., Box 
2591, Phoenix, Arizona 
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Los Angeles Section 


Hedborg, Chairman; Union Oil 
Company Cal., Research Center, 
Box 218, Brea, Cal. 


Richardson, Vice-Chairman; 
Amercoat Corp., 4809 Firestone 
Blvd., South Gate, Cal. 

B. Black, Secretary-Treasurer; 
Plicoflex, Inc., 5501 Santa Ave., 
Los Angeles 58, Cal. 


Portland Section 


R. V. Moorman, Chairman; Bonne- 
ville Power Administration, P. O. 
Box 3537, Portland Oregon 

John Van Vice-Chairman; 
Gas Coke Co., 132 

Oregon 

William Barber, Jr., Secretary- 

Electric Steel Foundry 
2141 N. W. 25th Avenue, Port- 
10, Oregon 


Puget Sound Section 


Robert Mercer, Chairman; 618 
Highland Drive, Seattle 99, Wash. 


Norman Burnett, Vice-Chairman; 
187th Street, Seattle 88, 


Copley, Secretary Treasurer; 
Walter oysen Co., 2226 Elliott 
Avenue, Seattle 88, Wash. 


Salt Lake Section 


L. =. Haskell, Chairman; Salt Lake 
e Line Co., Bee. 
Salt Lake City; Utah 


Frank Pehrson, Vice-Chairman; 
Box 1650, Salt Lake City, 
ta 


Handy, Sec.-Treas.; Reilly 
tinental Bank, Salt Lake City, Utah 


San Diego Section 


L._L. Flor, Chairman; 1036 Leslis 
Road, El Cajon, Cal. 


Kenneth Christy, Vice 
ederal Housing Administratior 
601 Street, Room 201, San 
Diego Cal. 


R. Talks, 
5435 Gala Av., 


Secretary-Treasurer 


San Diego 20, Cal. 


San Joaquin Valley Section 


Robert Davis, Chairman; The 


Superior Oil Co., P. O. Box’ 1031, 
Bakersfield, Cal. 


1031, Bakersfield, 


Secretary-Treasurer; 
Richfield Oil Corp.; Box 147, 
Bakersfield, Cal. 


San Francisco Bay Area Section 


J. B. Dotson, Chairman; Rockwell 
Mfg. Co., Nordstrom Valve Div., 
2431 Peralta Street, Oakland, Cal. 


Fraser, Vice Chairman; 
Claremont Drive, Orinda, 


Kronmiller, Secretary-Treas- 
urer; The Flox Co. Inc., 
Box 296, Alameda, Cal. 


Technical Articles 
Scheduled for January 


High Temperature Corrosion Product 


Are you interested 


Mechanism and Kinetics Aqueous 

Aluminum Corrosion. 

Part 1—Role the Corrosion Product 
Film the Uniform Aqueous Cor- 
Troutner. 

Part 2—Kinetics Aqueous Alu- 
minum Corrosion Dillon. 


you are you will find constant use for the 
ANNUAL INDEX CORROSION which 
included this issue following the Technical 
Section. This index includes collected tables 
contents, alphabetical subject index, 
alphabetical author index and subject index 
Corrosion Abstracts. 


Precautionary Procedures Chemical 
Cleaning. Contribution the Work 
NACE Technical Unit Committee 


Aluminum Cooling Towers and Their 
Dean Minford. 


MacEwan and Yates. 


Note the Behavior AZ63 Alloy and 
Magnesium Alloy NaCl 
Electrolyte Greenblatt and 
Zinck. 


Critical Analysis Pitting Corrosion 
Mars Fontana. 


Electrochemical Study Pitting Cor- 
rosion Stainless Steels, Part 1—Pit 
Growth. Part 2—Polarity Measure- 
Fontana. 


how CORROSION indexed 


Volumes annually December issue 


NACE Bibliographic Surveys Corrosion 


NACE Abstract Punch Card Service 


10-Year Index CORROSION 


Engineering Index 


Applied Science and Technology Index Deterioration Wood Marine Bor- 


ing Organisms Harry Hochman. 
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SHIPPED 


6 Leslie ONE 


stratior 


01, San 


‘easurer 
20, Cal. 

The 
airman; | 
Box 
147, 

AROUND PIPE 

TIGHTEN 
LARGE 
al, 
-Treas- BOLTS 


PLASTIC 


ALL SIZES: 16” LARGER 


HIGH COMPRESSIVE STRENGTH 
UNIT LOADING EXCESS 8,000 POUNDS 


TREMENDOUS IMPACT STRENGTH 
HIGH DUCTILITY PREVENTS FRACTURING 


MINIMUM WEAR THINSULATOR 
SLIDES EASILY THROUGH LONG CASINGS 


Write for literature all sizes 


BOX 4038 TULSA OKLAHOMA 


REPRESENTATIVES: HOUSTON * AMARILLO © PLAINFIELD, N. J. 
JOLIET, ILL. * JACKSON, MICH. * LONG BEACH * SAN FRANCISCO 
BARTLESVILLE, OKLAHOMA * SEATTLE ° SALT LAKE CITY 
EDMONTON * TORONTO * VANCOUVER * BUENOS AIRES 
MONTERREY AND MEXICO CITY ° CABIMAS, ZULIA VENEZUELA 
DURBAN, NATAL, S. AFRICA * PARIS, FRANCE * SYDNEY, AUSTRALIA 


SNAPS BACK ORIGINAL POSITION 


CORROSION 


PROFILE 


(one series) 


Meet 
Jack Martin. 
amember 
the Prufcoat team 
that gives 
practical 
meaning and 
reality 
Prufcoat Service 


“Prufcoat Service,” explains Prufcoat sales engineer, Jack 
Martin, “is the common denominator. Both customer and 
salesman work hand hand—with common purpose 
eliminate corrosion problems, cut plant maintenance costs.” 

With that observation Jack hits the nail the 
head. And might have added, it’s the common purpose 
stemming from Prufcoat Service that makes difficult 
for the casual onlooker distinguish between the Prufcoat 
representative plant and the plant’s own hard-working 
personnel. 

Also, Jack points out, Prufcoat Service means 
lot more than giving assistance when requested. 
More important, means taking the initiative. The kind 
initiative that requires being familiar with plant 
problems and needs. Initiative that depends being con- 
the alert discover new and better wavs re- 
ducing costs. Initiative that demands offering 


possible assistance implement new, money-saving sug- 
gestions and ideas. 


Like all Prufcoat representatives, Jack well qualified 
take the initiative connection with corrosion and protec- 
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PRUFCOAT LABORATORIES, INC., MAIN ST., CAMBRIDGE 42, 


CORROSION ENGINEERS 


tive coating problems kind. has worked 
exclusively the field corrosion- -control chemicals and 
coatings since aduating from Temple University 
producing better results lower cost. 

But the one thing Jack most, covers his Phila- 
delphia and Southern New Jersey territory, winning cus- 
tomer respect and confidence through Prufcoat Service. 


WHY NOT PUT PRUFCOAT SERVICE WORK FOR YOU? 
Your Prufcoat representative can help vou plan and execute 
the kind corrosion-control program that will save you 
precious new construction and maintenance dollars 

manv maintenance headaches, too! There cost 
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FOR LOW COST... 


“National” graphite anodes provide 
good conductivity for economical 
ground bed design both low and 
high resistance soils. Installed with 
graphite particle coke backfill, 
“National” anodes offer low initial 
cost; exceptionally long life. 

National Carbon manufactures 
complete line anodes providing the 
economies graphite all types 
cathodic installations. 


sizes plain and Graphite 
Anodes with Type Connections 
Type Anodes Graphite 


cathodic protection, try believe find 


GRAPHITE ARE BEST 


The terms and are registered trade-marks 
Union Carbide Corporation 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


TRADE-MARK 


FOR LONG LIFE... 


BED 24 


STATE HIGHWAY 


RECTIFIER POLE 
37 GRAPHITE ANODES 20° C-C. 
#4 WIRE FOR NEG. 
#4 WIRE TO FIRST ANODE. 
#8 WIRE IN BED 
TOTAL RESISTANCE = 1.4 
POSITIVE 
LEAD 


37 GRAPHITE ANODES @ 20’ C-C = 720° 


“National” Graphite Anode Beds 
Protect Miles Bare Pipeline 


1951, corrosion control study was 
made diameter bare pipeline 
New York State. The line had been 
service years, and due increased 
leaks, consideration was given replac- 
ing it. 

corrosion survey performed the 
Harco Corporation indicated cathodic 
protection could provided with rec- 
tifier type system save the line. total 
anode ground beds (utilizing 1500 
“National” graphite anodes dia. x60” 
long coke breeze backfill) and rectifier 
units were installed over three year 
period, beds 1952...29 beds 1953 
and the remaining beds 1954. 

The pipe line still operation and 
there has been significant decrease 
leak frequency since cathodic protection 
was installed. 


NATIONAL CARBON COMPANY Division Union Carbide Corporation East 42nd Street, New York 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco CANADA: Union Carbide Canada Limited, Toronto 
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NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


Executive Offices: 1061 Bldg., Houston Texas 
Telephone 4-6108 


Assistant Secretary and Exhibition Manager........... HUFF, JR. 
Technical Committee Secretary.............. VANDER HENST, JR. 
Administrative Assistant 


Inquiries regarding membership, and all general correspondence should directed 
the Executive Secretary the administrative headquarters the National Association 
Corrosion Engineers 1061 Building, No. Main Street, Houston Texas. 


The National Association Corrosion Engineers non-profit, scientific 
and research association individuals and companies concerned with 
corrosion interested it, whose objects are: 


(a) promote the prevention corrosion, thereby curtailing economic waste and con- 
serving natural resources. 


(b) provide forums and media through which experiences with corrosion and its prevention 
may reported, discussed and published for the common good. 


(c) encourage special study and research determine the fundamental causes 
corrosion, and develop new improved techniques for its prevention. 


(d) correlate study and research corrosion problems among technical associations 
reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and design 
rosion control. 


contribute industrial and public safety promoting the prevention corrosion 


(g) foster cooperation between individual operators metallic plant and structures 
the joint solution common corrosion problems. 


(h) invite wide diversity memberships, thereby insuring reciprocal benefits between 
industries and governmental groups well between individuals and corporations. 


incorporated association without capital stock, chartered under the laws Texas. 
Its affairs are governed Board Directors, elected the general membership. 
Officers and elected directors are nominated nominating committee accordance with 
the articles organization. Election the membership. 


Advertising and Editorial Offices CORROSION 


Address all correspondence concerning advertising, circulation and editorial 
matters relating CORROSION the NACE executive offices, 1061 
Building, Houston Texas. Inquiries concerning and orders for reprints 
technical information published CORROSION should sent this address 
also. 
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Columbia Gas System Service Corp., Columbus, 


Representing Corporate Membership 
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Smith Corp., Milwaukee, Wis. 


Union Gas Co. Canada, Ltd. 
Chatham, Ontario, Canada 


Shell Development Co., Emeryville, Cal. 


Production Profits, Inc., Dallas, Texas 
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Standard Co. California, Segundo, Cal. 

Aluminum Company America, Atlanta, Ga. 

F. (Northeast) 1957-60 
Manufacturers Light and Heat Co., Pittsburgh, Pa. 

(North Central) 1956-59 
Milwaukee, Wis. 

(South Central) 1956-59 
Gulf Oil Corporation, Houston, Texas 

A. R. MURBIGON... (Canadian) 1956-59 


Winnipeg Pipe Line Company, Ltd. 
Winnipeg, Manitoba 


Directors Officio 


VAN NOUHUYS, Chairman Regional 
Management Committee 
908 Boulder Crest Drive, Marietta, Ga. 


NOPPEL, Chairman Policy and Planning 
Committee 
Ebasco Services Inc., New York, 
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Shell Development Co. 
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OFFICIAL MONTHLY PUBLICATION 


National Association Corrosion Engineers 


Association Individuals and Organizations Concerned with Control Corrosion 


Vol. December, 1958 No. 
Technical Note 
Effect Increasing the Area Zinc 
coating galvanized piping through expose the iron underneath. Further- water systems. The experimental work 
1958-61 which water flows protects the under- more, threaded joints present varying 
iron exposed iron. Inasmuch the ever, galvanized pipes carrying water 


instances the potential the zinc 


1957-60 anodic the iron. found, how- 
that under certain conditions, espe- 
1957-59 cially above 140 iron becomes anodic 


zinc. Other authors showed later that 
the composition the water, well 
temperatures, are the controlling 


Shuldener and Lehrman dem- 
onstrated that has very strong 

consequent formation (see Fig- 

all the previous work carried 


out the reversal potential, the 

area zinc iron was always constant. 
957-60 However, well known that galvan- 
pipe has flaws the zinc coating 


956-59 
% Submitted for publication February 28, 1958. 
‘ President and Technical Director, Water 

Service Laboratories Inc., New York, N. Y. 

@) Professor of Chemistry, City College of New 

958-61 York, New York, N. Y. 

957-60 

3. 

157-60 

h, Pa. 

156-59 

56-55 

56-59 

ee 


Figure 1—Cleaned section galvanized wrought 

iron hot water pipe. Effect of reversal of potential 

is shown by extensive areas of galvanizing still 
f present. Arrow points to galvanized layer present up 
; to edge of pit. 


the area iron exposed varies 


thickness the coating varies not threaded joints, flaws the zinc coating 
only from pipe pipe, but also short and solution the zinc. the ratio 

. . h f h iron to zinc area is increased it Js shown 
lengths inches and inches) that the reversal potential faster. 
same the amount exposed iron 3.6.4 
after the zinc dissolves will vary. There- 
fore, experiments were carried out Conclusion 
determine what effect varying ratios The results show that for the same 


iron zinc areas would have the composition solution, reversal poten- 


rate reversal potential indicated tial was always faster when the ratio 
the appearance rust. iron area was increased. 


References 
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TABLE 1—Data from Experiments Determine Effect Fe-Zn Area Rate 
Reversal Potential 


| Composition of 


1&2 1 hole (2 mm dia.) Catskill water 10 14 11 8.5 | None in 4 
+ sodium silicate days 
+ sodium bicarbonate 
3&4 1 groove (3 mm wide) Catskill water 10 14 1l 8.5 1 day 
+ sodium silicate 
+ sodium bicarbonate 
5&6 | 12 grooves (1 mm wide) Catskill water | 1.5 4 11 7.1 | % hour 
10 & 11 1 groove (1 mm wide) Catskill water 1.5 + 1l 7.1 | 1 hour 
12 12 grooves (1 mm wide) Catskill water 10 | 14 38 8.5 | 5% hours 
sodium silicate 
sodium bicarbonate 
sodium sulfate 
13 12 grooves (1 mm wide) Catskill water 10 14 | 38 8.5 | 344 hours 
+ sodium silicate 
+ sodium bicarbonate 
sodium sulfate 
+ sodium silicate 
sodium bicarbonate 
sodium sulfate 


+ sodium silicate 
+ sodium bicarbonate 
+ sodium sulfate 
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Coating Evaluation Testing 


Introduction 

UMBLE PIPE Line Company has 

been conducting laboratory and 
field program for the past ten years 
evaluate and test external pipeline coat- 
ings. the time this program was 
started, the increased use and new de- 
velopments the coatings field made 
obvious that some program was needed 
learn more about the coating materials 
common use and establish some 
criteria which new materials could 
evaluated for possible application pipe- 
line coatings. New materials, which are 
now being offered more frequently for 
use pipeline coatings, have made 
coating testing and evaluation program 
even more desirable than ever before. 
This paper presented aquaint others 
with the approach one company 
this problem the hopes that will 
stimulate discussion this important 
phase coating work and, perhaps, en- 
courage the publication different ap- 
proaches which others have used. 

The first step setting this coating 
evaluation program was determine 
just what constituted good pipeline 
coating and what were its characteristics. 
The degree protection obtained from 
pipe coating was considered function 
its electrical resistance and its freedom 
from holidays. The effective service life 
coating depends upon the inherent 
chemical stability the component ma- 
terials and upon the ability the coating 
withstand those destructive mechanical 
and chemical forces which the buried 
pipe subjected. During construction 
pipe line, the coating subjected 
stresses impact, compression, flexing 
and bending temperatures which some- 
times range both extremes. under- 
ground service the coating must resist 
soil stress deformations and action 
soil water, petroleum oils, and the effect, 
any, cathodic protection currents. 

Many the laboratory procedures 
used study coating performance char- 
acteristics when this program was started 
did not supply the information required. 
There were several reasons for this. First, 
some the methods used test coating 
properties were subject error. For ex- 
ample, determining rate and amount 
water sorption, all results obtained 
the “nipple and can” method are open 
question, since number instances, 
water has been found circumvent the 
sealing end cap. Immersion small 
samples water and measuring weight 
differences not account for weight 
changes due other causes such 
leaching, oxidation, and volatilization 
material components. Second, some 
cases the property tested was ques- 
tionable significance. Thus, tensile 
strength test molded specimen eval- 
uates coating performance character- 
istics even though may test one prop- 


* Submitted for publication January 6, 1958. A 
paper presented at a meeting of the South 
Central Region, National Association of Cor- 
rosion Engineers, Oklahoma City, October 1-4, 
1957, and also at the 14th Annual Conference 
of the National Association of Corrosion En- 
gineers, San Francisco, March 17-21, 1958. 
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erty coating material affecting 
performance. Furthermore, the relation- 
ship between performance molded 
specimen and performance coated 
pipe not known. This latter the third 
and major shortcoming laboratory 
work alone: the failure correlate labo- 
ratory test results with service perform- 
ance. While the requirements for suit- 
able system precise coating evaluation 
can met only closely contolled labo- 
ratory type tests, laboratory results must 
correlated with underground service 
performance. 

Underground tests themselves 
not produce the desired information. Re- 
sults these tests alone are subject 
many uncertainties and qualifications be- 
cause the variable conditions which 
govern results can neither controlled 
nor evaluated with any precision, 

With this view, the initial coating 
investigation was consist both field 
examinations existing coated pipe lines 
and laboratory evaluation the most 
commonly used coatings. 

Field examinations were con- 
ducted sections pipe line representa- 
tive coatings and conditions selected 
for examination. The scheme field ex- 
amination was divided into six elements: 


Summarizing details coating ap- 
plication and history pipe line 


Determination overall effective- 
ness the coating 


Traverse with the Pearson Holiday 
Locator 


Inspection the coating 
Inspection of. the pipe 


Classifying destructiveness the 
environment 


Abstract 


program test and evaluate external 
pipeline coatings described. When this 
program was started ten years ago, many 
methods and procedures then did 
not give all the information desired. 
Field burial tests are lengthly and_be- 
cause the variable conditions which 
govern results can neither be controlled 
nor evaluated with any precision. Only 
laboratory type tests are suitable for 
closely controlled system of coating eval- 
uation. Laboratory results must cor- 
related with field service performance. 

This test program was three phases: 
First, A procedures and appa- 
ratus were developed. Second, commonly 
used coatings were tested and laboratory 
results correlated with field performance 
data. Third, new materials 
performance compared with 
coatings in common, use. 

Laboratory and field test procedures 
and apparatus are described. 
sion the application test data 
selection pipeline coatings in- 
cluded. 2.1.2 


Laboratory Test Procedures 


Laboratory evaluation was consist 
three phases. First, develop and 
devise laboratory procedures and appa- 
ratus suitable for evaluation pipe coat- 
ings. Second, evaluate commonly used 
coatings and correlate laboratory eval- 
uations with field performance data. 
Third, test new materials with the 
techniques developed and evaluate their 
performance against coatings common 
use. Coating characteristics tested 
the laboratory were: 


Electrical resistance 


Rate and amount water adsorp- 
tion 


Resistance deformation under 
pressure 


Resistance cracking and spalling 
under impact 


Resistance cracking bending 
Adhesion pipe metal 

Deterioration soil environment 
Deterioration petroleum oils 

Effects cathodic protection 


the laboratory program, the objec- 
tives were develop methods deter- 
mining the performance characteristics 
coatings under carefully controlled condi- 
tions, this, methods were devised 
each test would determine one coating 
property under controlled, reproducible 
conditions. was the intent, also, de- 
termine these service performance char- 
acteristics complete coating struc- 
ture far possible. result this 
philosophy, tests were devised measure 
resistance soil stress penetrations 
constant temperatures, determine 
coating conductance under constant soil 
and moisture conditions and the ab- 
sence soil stresses, resistance impact, 
and other properties, all determined sepa- 
rately and under controlled conditions. 


NN 


Coating Samples 
The service performance tests for coat- 
ing samples are conducted actual 
coating structures applied line pipe. 
spinning rig used apply hot coatings 
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Figure 1—Laboratory deformation tester and coating 
sample. Sample was kept at constant temperature by 
circulating water. 


4-inch pipe manner similar that 
actually used pipeline operations. 
Eighteen inch sleeves 4-inch pipe are 
length 4-inch pipe which coating 
applied. These coated sleeves are then 
separated cutting the coating with 
sharp knife the end each sleeve 
which results 18-inch lengths 4-inch 
pipe with continuously applied coating. 
general the coating samples were pre- 
pared the laboratory. However, the 
newer types thin coatings now being 
tested make advisable obtain coat- 
ing samples from the suppliers because 
the specialized techniques often in- 
volved. 

The original laboratory tests for con- 
ventional hot applied coatings were based 
the coating characteristic de- 
termined. brief description these 
tests 


Coating Deformation 


Samples tested for coating deforma- 
tion are coatings applied 4-inch pipe. 
radius hemispherical point with 
25-pound load allowed penetrate 
the coating constant temperature 
measure resistance the coat- 
ing deformation under pressure. Test 
apparatus and coating sample are 
shown Figure Depth penetration 
and time elapsed are recorded until pene- 
tration ceases. Three weighted points are 
used for each coating. Penetration re- 
ported percentage the total coating 
thickness give uniform basis for 
comparison despite variations sample 
thickness. Results are shown plots 
the ratio the depth penetration 
total coating thickness against elapsed 
time. Constant temperature attained 
circulating water through the 
coated pipe. 

large number coatings have been 
this test. considered one 
the more important tests conven- 
tional hot-applied coatings. This test 
determine the effect the addi- 
tion glass fibre reinforcing inner wraps, 
the effect asbestos-felt outer wrap, 
other variations coating structure 
well differences materials. The 
lata shown Figure illustrate the type 
information obtained this test. Pene- 
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Figure 2—Coating deformation test. 


tration curves are shown for four coat- 
ing structures using the same enamel. 

Data shown the plot are not com- 
plete for the two coatings with glass 
reinforcement because deformation would 
continue until the curves flattened out. 
These data were presented illustrate 
the variations which occur rates 
penetration. Curves shown for the enamel 
and enamel with felt coating are complete 
and show the manner which de- 
formation eventually ceases. 

Determination ultimate resistance 
penetration the coating property 
major importance this test; however, 
the rate penetration also determined 
and significant, particularly the rate 
the first few hours because during 
this period that coating subjected 
much stress from handling during line 
Construction understood 
include lowering and backfilling dur- 
ing which coatings are subjected many 
uneven, intense pressures. There 
great difference the initial penetration 
rates for different coating materials and 
structures. Materials whose resistance 
deformation inferior stand out quickly 
this test. 

The loading conditions and tempera- 
tures used were selected experimenta- 
tion the most satisfactory. They can- 
not varied comparative results are 
desired but there generally correlation 
with similar penetration tests made 
others. This particular test procedure 
applicable primarily the hot-applied 
coatings which have thickness mils 
more. The procedure not very satis- 
factory testing thin coatings the 
mil range. 


Effect Cathodic Protection 


Two tests have been set-up deter- 
mine the effects cathodic protection 
currents pipe coatings. The first test 
has been progress for four years and 
shown Figure Coating specimens 
18-inch lengths 4-inch pipe are used. 
Eight specimens each coating are 
placed under test; perfect and dam- 
aged specimen each coating being 
tested under four different applied po- 
tentials. Sample troughs are wooden 
boxes with one trough for each applied 
potential. Both ends each specimen 
protrude from the trough through water- 
tight seals. The ends the specimens 
are treated prevent current leakage. 


Backfill natural soil slurry with 
resistivity 500 ohm and kept 
saturated with distilled water eliminate 
any soil stress. 

Pipe-to-soil potential the specimens 
controlled the applied potential. 
one trough, 4.5 volts applied the 
coatings, 2.0 volts the second, 0.1 volt 
the third, and potential applied 
the fourth trough which used 
control. Data collected this test are 
pipe-to-soil potential, coating conduct- 
ance, and current collected each sam- 
ple. Periodic visual examinations are 
made detect coating damage. Evidence 
coating damage also obtained from 
the current and coating conductance 
measurements, Examination coating 
damage shown Figure 

The purpose this original cathodic 
protection test was twofold: evaluate 
coating performance under cathodic pro- 
tection and obtain some laboratory 
data the effects cathodic protection 
pipe coatings. was recognized that 
this would long term test; great 
variety coatings could not included 
without making the test unwieldy. With 
this mind, limited number coatings 
was selected which was believed 
representative the different types 
coating materials and coating structures 
common use. 

Coating performance this test 
based not only the effect current 
flow and resistance the coating blis- 
tering and lifting hydrogen gas but 
also upon the electrical resistance the 
coating and the moisture transmission 
rate the coating. Although the effect 
factor evaluate, performance the 
undamaged sample this test deter- 
mined the moisture transmission rate 
the coating. Because these are impor- 
tant properties affecting the service per- 
formance underground coatings, this 
test was expanded include larger 
number coatings. Some modification 
test procedures was made speed 
testing. 

The second cathodic protection test 
has been operation for over year. 
this test, tap water adjusted 500 ohm 
used instead soil backfill. This 
was done damage could visually de- 
tected without disturbing the coating 
removing backfill. Only two impressed 
voltages are used. One box adjusted 
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Figure 3—Cathodic current test boxes and test panel. 
Original test was made with soil backfill. 


have pipe-to-solution potential 
—1.00 volt toa electrode. The 
second box has potential —4.5 volts. 
One volt was selected for the lower volt- 
age the range normal ca- 
thodic protection practice and below the 
hydrogen over-voltage and the damaging 
effect rapid hydrogen gas evolution. 
The higher potential was selected 
gives more rapid results and still within 
the range potentials encountered 
cathodic protection work. Only perfect 
samples have been placed this test 
date has been used screen 
large variety experimental thin coat- 
ings the mil thickness range. 

There danger this type test 
having conditions too severe for 
some materials which would good 
underground pipe coatings. general, 
the test conditions are 
than those usually encountered ac- 
tual soil conditions. This because 
have shear strength re- 
strict the coatings and aid prevent- 
ing blistering. The test conditions 
would exist, however, coatings 
pipe lines swampy areas under 
water. Coating samples immersed 
water and current data are shown 
Figures and 

The higher voltage test box has been 
helpful eliminating unsatisfactory 
coatings. Both perfect 
ally damaged samples indicate that the 
applied potential does not cause exten- 
sive coating damage until some cur- 
rent begins flow. Coating damage 
has occurred primarily those coat- 
ings which had initially high conduc- 
tivity holidays. This particularly 
true for the thin coatings. Coatings 
with low initial conductance, with 
few exceptions, have been unaffected 
potential for over year. few 
instances, coatings with low initial con- 
ductance have shown rapid increase 
conductance and rapid coating fail- 
ure. This type performance 
high moisture transmission rate. 
significant that both the low potential 
and high potential samples these 
particular coatings failed rapidly. 

Testing perfect coating samples 
eliminates 
tory materials. Once current begins 
collected, there considerable vari- 
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Figure 4—Cathodic current test box opened for inspection. Note large blister which occurred along faulty 
lap after two years at —4.5 volts (pipe-to-soil potential). 


ation the ability coatings with- 
stand further damage hydrogen gas 
causing blisters and the high prod- 
ucts formed. coating should con- 
sidered satisfactory its ability 
withstand damage cathodic pro- 
tection until the performance 
intentionally damaged sample has been 
determined. 


Soil Stress Deformation Test 

test determine the resistance 
stress, coated samples 4-inch pipe, 
Figure are rigidly mounted test 
box which filled with gumbo clay 
soil. The soil alternately wet and 
dried produce soil stress pressures 
through the swelling and contraction 
the soil. Appearance the dried 
soil shown Figure Reproducible 
wet and dry cycles are obtained 
embedding soil moisture blocks the 
The soil wet and dried the 
same moisture percentage for every 
cycle. Drying accomplished air 
heated about 100 which blown 
through passage formed hollow 
concrete blocks the bottom the 
soil box. Heated air also distributed 
over the surface the soil. The soil 
wetted spraying water from fog 
nozzles. 

operation over year this test was 
initiated evaluate large number 
thin coatings. Duplicate samples are 
tested, and coating conductance meas- 
urements are made for each sample. 
date, significant results have been 
obtained the coatings originally placed 
under test are ones which would ex- 
pected have good resistance soil 
stress deformation. However, tests 
this type have been conducted others 
and have demonstrated severe soil stress 
damage unsatisfactory coatings. 


Soil Bacteria Test 
soil bacteria important factor 
coating performance certain parts 
the country, this test included 
the program. The backfill used consists 
top soil, peat moss, manure, agricul- 


lime, and ammonium sulfate fer- 
tilizer. The soil kept moist all the 
time and supposed support rapid 
bacteria growth, particularly tempera- 
tures above 

Coating samples 4-inch pipe are 
buried outside pit with the special 
backfill promote rapid bacterial 
growth. lead connected each pipe 
sample for measuring coating conduct- 
ance. Coating performance determined 
periodic visual inspections and 
coating conductance measurements. 


this test, the sulfate reducing bac- 
teria which enter into certain corrosion 
reactions are not significant, but rather 
the micro organisms the type which 
exist well aerated soils and are fac- 
tor the deterioration certain road 
surfaces. This test has not been prog- 
ress long enough for its performance 
evaluated. 

The tests which have been described 
usually require six months 
years for completion, Also, these are 
tests determine the underground serv- 
ice performance coatings. Included 
the test program series laboratory 
tests determine the resistance vari- 
ous materials and coating structures 
damage during pipeline construction. 
brief description these tests follows. 


Enamel-Metal Adhesion 


One factor the ability pipeline 
coating resist construction damage 
bond. There also evidence that coat- 
ing bond strength affects the under- 
ground performance pipeline coatings, 
particularly there poor bond. 

this laboratory impact-adhesion 
test, Figure the average impact for 
failure enamel-primer combination 
determined. Two primed metal discs, 
Figure 10, are bonded with molten 
enamel. After the enamel 
testing temperature, the minimum im- 
pact necessary cause failure the 
bond determined. One plate sus- 
pended from rigid bracket. rod with 
stop the lower end suspended 
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200 240 280 


Figure 5—Cathodic protection test with pipe-to-solution potential of —4.5 volts. 


the other bonded plate. 
pound weight allowed fall freely 
various heights down the rod 
strike the stop, producing impact 
tending break the bond. least ten 
samples are tested. Once the minimum 
impact determined successive drops 
increasing height the first one 
two samples, the minimum impact for 
succeeding samples found two 
three drops starting slightly below 
the indicated height and working up. 

Data are reported the average im- 
pact for failure the enamel-primer 
combination foot-pounds per square 
inch. Observations made the type 
failures which occur are equally im- 
portant although they are difficult 
state quantitatively. Some failures occur 
parting the primer-enamel bond, 
some failure the primer layer 
primer-metal bond, and some failures 
the enamel layer. 

Included the data shown Table 
are the maximum and minimum values 
measured. Specific materials are shown 
that coal tar enamels fail lower im- 


pacts than asphalt enamels. However, 
failure the coal tar every case has 
occurred parting the enamel layer 
itself indicating that the adhesive 
strength the enamel-metal bond 
greater than the cohesive strength the 
enamel. Asphalt enamels exhibit two 
three times the overall impact adhesive 
strength coal tars; however, failure 
the asphalts usually occurs parting 
the primer-enamel bond failure 
bond. particular interest the data 
shown are coal-tar enamel with 
asphalt primer and two asphalt enamels 
with coal tar primers. these three 
cases, the strength the enamel-metal 
bond considerably less than when 
the matching primer was used. 


Impact Damage Pipe Coatings 


Resistance pipeline coatings im- 
pact damage was tested with Guillo- 
tine type apparatus which 
radius spherical point with 10-pound 
weight was dropped the coating from 
increasing heights. Complete coating 
structures 4-inch pipe were tested. 


Figure 6—Cathodic current test. Samples were 
500 ohm-cm water. 


TABLE 1—Impact Adhesion 


Ft- 
Inc 
Coal Tar Enamels With Coal Tar 
Primers: 


Coal Tar Enamels With Asphalt 


Primers: 

0.09 

Asphalt Enamels With Coal Tar 

Primers: 


This test was discontinued because coat- 
ing damage was difficult detect when 
occurred and because only gross dif- 
ferences impact resistance could 
determined. 


Physical Properties and 
Effect Heating 


Pipeline enamels used for test pur- 
poses were usually obtained drum 
lots. order correctly identify ma- 
terials for comparison and determine 
the material tested was specified, 
standard physical properties were deter- 
mined according ASTM procedures. 

Physical properties determined for 
enamels were: softening point, needle 
penetration, specific gravity, percent in- 
soluble percent ash, moisture 
content, and loss heating. Softening 
point and needle penetration after loss 
heating were also determined. 


ASTM test procedures used are de- 
scribed Part II, ASTM Standards, 
1944. All the tests were run according 
ASTM test specifications 
heating and moisture content. ASTM 
test D-95-40 was modified determin- 
ing moisture content use 200-gram 
sample and 500 solvent because 
the very low moisture content the 
materials tested. ASTM test D-6-39-T 
conditions were modified determine 
the effect heating that the sample 
was heated three hours the manu- 
facturer’s maximum recommended pot 
temperature more closely approxi- 
mate field conditions. 


Exposure Oily Soil 
the early portion the test pro- 
gram, attempts were made evaluate 
the effect crude oil soaked earth 
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Figure 7—Samples in soil stress box. Four-inch pipes with coating applied were 
mounted on 2-inch pipe and clamped rigidly in box. Heated air for drying was 
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Figure 8—Soil stress box. Note shrinking and cracking died soil. 


circulated through galvanized duct above soil and through hollow concrete 


block duct in bottom. 


pipeline coatings. Coatings 4-inch 
pipe were placed laboratory soil boxes 
and buried moist soil saturated with 
crude oil. The boxes were sealed 
prevent evaporation, and coating con- 
ductance was measured periodically. 

Rapid failure was indicated for some 
coatings shown Table Perform- 
ance the hot-applied felt wrapped 
coatings this test agreed with field 
experience. However, one series 
tests the early tape coatings, the lab- 
oratory results indicated good resistance 
crude oil, but the tapes failed less 
than six months field tests soils 
with just trace crude oil. The lack 
soil stresses this laboratory test 
gave erroneous results. The adhesive 
the tapes softened, but there was 
stress the coating the laboratory 
test cause failure. present, the 
effect crude oil coatings the 
laboratory determined immersing 
coated pipe samples oil and making 
visual examinations. These are rapid and 
severe test conditions; field installations 
are made the more promising 
terials and result more useful data. 

The failure laboratory results 
agree with field tests experienced 
this test indicates the necessity al- 
ways correlating laboratory test with 
actual field performance. Once the limi- 
tations laboratory test are deter- 
mined, may used with considerable 
reliability predict the performance 
new materials. 


Field Test Procedures 


Test procedures and techniques used 
the field evaluation phase the pro- 
gram are more less standard ones 
familiar most pipeline corrosion engi- 
neers. The objective determine the 
condition the coating, the cause 
any coating damage, and general the 
ticular environment. 

Every opportunity taken during 
normal pipeline operations examine 
coating which has been service. Line 
repair and relocation work offer oppor- 
tunities for coating examination; how- 
ever, such operations not give much 
selection the coating and environment 
and not result repetitive examina- 
tions the same line accumulate 
history coating performance. Periodic 
examination selected sections 


TABLE Pipeline Coatings Oily Soil* 


| Enamel D 
Enamel A Enamel B | Enamel C Fiberglas 
DAYS Felt and Felt and Felt 
0.032 0.024 0.0217 
0.211 5940.0 38.8 
5.27 1.42 255.0 
5.27 1.39 200.0 


* Micromhos per square foot. 


coated pipelines give the most useful 
performance data, field examinations 
selected lines are conducted, coatings 
and soil conditions particular interest 
may chosen. 

Use the Pearson Holiday Locator 
combined with visual examination 
holidays the basic method deter- 
mining the physical condition the 
coating. Coating conductance measure- 
ments and cathodic protection current 
requirement tests are used determine 
coating effectiveness. However, these 
latter two methods must used with 
caution evaluating coating since 
they are influenced soil conditions. 
Use the Pearson Holiday Locator 
was described Petroleum Engi- 
method consists impressing inter- 
rupted direct current audio frequency 
the buried pipeline locating 
points current flow between the pipe 
and soil. Such points current flow 
occur coating holidays. Work with 
this instrument has demonstrated that 
all holidays generally good coating 
can located positively and accurately. 
Distinction can made between gen- 
erally good and generally poor coat- 
ing, and major holidays generally 
poor coating can located. 

Experience with 8-inch 
products line from Baytown Dallas 
constructed during the summer 1946 
illustrates the information which can 
obtained from thorough field test 
program. Considerable money and effort 
were spent obtain good coating 
this line. the southern end, 127 miles 
were coated with coal tar enamel with 
glass fibre reinforcing inner wrap and 


asbestos-felt outer wrap. This coating 
was applied central yard coating 
plant, and joints were hand-coated 
the field. The northern section was 
coated over-the-ditch with old type 
asphalt enamel using glass fibre rein- 
forcing wrap outer 
wrap. 

Pearson Traverse the 276-mile 
line was made 1947-48 and again 
1954. Ten percent the line was cov- 
ered with Pearson Holiday Locator 
going over 5000 out every 50,000 
line. impartial selection test 
sites was obtained plotting test sec- 
tions the right-of-way alignment map 
irrespective right-of-way conditions. 
About half the holidays located were 
uncovered and inspected. some indi- 
cation the size the holiday ob- 
tained the Pearson technique, holidays 
were selected attempt select 
some small, some intermediate, and some 
large breaks the coating. 

The results this survey were sur- 
prising; large number holidays were 
found spite efforts made during 
construction obtain excellent coat- 
ing job. This was true particularly for 
the survey made 1947-48 shortly after 
the line was constructed. 

Sixty-two holidays, average 
per mile, were located the inspected 
percent the southern half this 
line with the yard applied coating. Ex- 
amination these holidays indicated 
that the major cause was construction 
damage the coating. Approximately 
percent the holidays were caused 
faulty application field joints, the 
others mechanical damage during 
construction, This damage was easily 
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determined the inspection and was 
found caused small tool cuts, 
gouging dozer blades, penetration 
skids, penetration metal, in- 
welding rods, the ditch bot- 
under the pipe. effects gen- 
eral deterioration other breakdown 
the coating were observed. Soil condi- 
tions this section line are con- 
severe because the soil includes 
clay the Gulf Coast area and 
which change rapidly from 
soil tight clay. 

The condition the over-the-ditch 
the northern half this line 
vas entirely different; holidays for 
average 3.4 per mile were found. 
these were only the larger 
was found that the coat- 
was generally penetrated soil 
These penetrations were result 
lowering the hot, soft coating directly 
the ditch and soil stress deforma- 
Soil conditions this section were 
severe, varying from mixed sand 
red clay black clay and some soft 

Rock and clod penetrations were the 
cause over half the holidays 
the northern section. Some the 
were caused lowering 
hot coating into the ditch, but there 
vere extensive penetrations the top 
and sides the pipe well. Two 
random inspections were made where 
holidays were indicated; extensive 
clod penetrations were found but had 
not completely penetrated the coating. 
Other causes holidays were similar 
those the southern portion the line: 
damage handling, trench skid pene- 
and faulty application. 


The second Pearson survey made 
1954 confirmed the results the first. 
general deterioration was found 
the southern portion, only construction 
damage; the northern section was gen- 
erally penetrated. Coating conductance 
measurements have also been made but 
have not given any comparative results 
because varying soil conditions and 
techniques used. 

The results these surveys have been 
valuable because they give good indi- 
cation the condition the coating 
this line and confirm the importance 
certain practices and coating properties 
obtaining good service life. Other 
field experience, limited pipe sizes 
inches and under, proves that yard 
applied coatings are more satisfactory 
than over-the-ditch jobs. Also, insofar 
differences soil conditions 
taken into account, the resistance soil 
stress penetration major factor 
underground coating performance. Two 
the holidays the northern end, 
where considerable coating was dis- 
solved from the pipe gasoline coming 
from weld sweat, emphasized the bene- 
fits using coating materials which are 
unaffected fluids carried the line, 
other factors being equal. 

The extensive rock and clod penetra- 
tions found the northern section 
this line gave excellent correlation with 
laboratory coating deformation test. The 
enamel, used coating the northern 
section, proved have poor resistance 
deformation the laboratory test. 
Construction this line was completed 
before the coating test program was 


Summary Test Program 


summary, felt that field exam- 
ination techniques are well developed 


COATING EVALUATION TESTING PROGRAM 


and give satisfactory results. However, 
field data not produce all the desired 
Results are often subject 
uncertainties and qualifications be- 
cause the variable conditions which 
govern results cannot controlled. 


Techniques for locating and examin- 
ing holidays coating are well de- 
veloped. Coating conductance measure- 
ments the field have not been reliable. 
However, great deal work has been 
done improving the methods and cal- 
culations involved measuring coating 
conductance NACE Committee 
T-2D. Conductance data alone cannot 
used evaluate coating because too 
many unrelated factors affect results, 
but, when used combination with 
Pearson surveys and soil resistivity 
measurements, good evaluation 
coating performance can made. 


Laboratory evaluation coating per- 
formance has agreed general with 
field experience. Ranking materials 
various laboratory service perform- 
ance tests has agreed most cases with 
performance materials the field. 
Coatings which have proved su- 
perior actual field service have also 
been superior laboratory performance 
tests. What may even more im- 
portance that unsatisfactory coatings 
stand out very quickly the laboratory 
tests. 


There are two difficulties the lab- 
oratory program which have not been 
solved satisfactorily. First, most labora- 
tory results determine only compara- 
tive ranking materials relation with 
other materials tested. numerical 
values have been established for most 
coating properties distinguish between 
acceptable and unacceptable perform- 
ance, The second difficulty that the 
most useful tests are the long term ones. 
Attempts have been made 
laboratory service performance coat- 
ings from accelerated tests standard 
ASTM tests, but results have been poor. 
One property which has been ap- 
proached along this line the resistance 
soil stress penetration. Attempts have 
been unsuccessful correlate the maxi- 
mum penetration with the rate pene- 
tration the early stages the test 
develop penetration index from the 
standard ASTM needle penetration test. 
Properties coating are due the 
combination materials the actual 
coating structure pipe, and has 
not been possible use 
properties the individual components 
predict performance. 


There has been change the ap- 
proach laboratory testing the past 
three years. This has come 
cause new materials, mainly thin 
plastic coatings which are increasing 
interest, and because evaluation 
the testing program after several 
vears. 


Originally, primary interest was the 
thick hot-applied conventional coatings 
common use. The problem was ap- 
proached determining coating prop- 
erties separately closely controlled 
tests. evaluation results showed 
that the techniques, developed meas- 
ure every factor coating performance 
separately, some cases indicated rela- 
tively small differences similar ma- 
terials. 


The most important tests proved 
lengthy, and the test program some- 
times lagged because unavailable 
testing facilities and because the time 
needed conduct all the separate tests 
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Figure 9—Impact adhesion test. 


Figure 10—Iimpact-adhesion test plates. 


necessary fully evaluate coating 
material combination materials. 
Test procedures were revised test 
larger number samples one time. 
This was particularly true for long term 
tests. was also necessary include 
more than one factor affecting coating 
performance each test, but close con- 
trol all test conditions was main- 
tained. 

was also recognized that the same 
coating properties would not im- 
portant the service performance 
thin plastic coatings they would 
the thick, hot-applied coating. For in- 
stance, the cold flow properties hot- 
applied enamels certainly affect the re- 
sistance soil stresses, but the hard, 
slick plastic films would not subject 


this type damage. the other 
hand, the thinner coatings would 
more subject rapid deterioration 
cathodic protection since many them 
are brittle and subject lifting and 
spalling, could easily have 
greater moisture transmission rate be- 
cause the film properties because 
application techniques. Since they are 
greatly superior most properties 
materials used thicknesses 100 mils 
and upward. 


Evaluation Test Results 


test program such has been de- 
scribed does not automatically select the 
best pipeline coating. does, however, 
give concrete data the various per- 
formance characteristics materials and 
coating structures that the best coat- 
ing may selected for the particular 
conditions encountered. Performance 
data and economics together govern the 
proper selection coating. 

general, long-term underground 
performance primary importance. 
However, construction techniques, right- 
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of-way, and climatic conditions are also 
important. End use coating also 
has major influence proper selection 
coating. the coating intended for 
major, long line construction, for field 
repairs small crews, small di- 
ameter distribution system connections? 


Summary 


The best way summarize this coat- 
ing test program mention the 
benefits received from it. There are cer- 
tain shortcomings any laboratory test 
program; field performance the final 
test for any coating. Unfortunately, 
final evaluation based field perform- 
ance alone cannot made until coat- 
ing has been service for many years. 

test program the means make 
evaluation new materials for which 
there field experience on. 
Future uses can anticipated because 
test coatings which under present con- 
ditions are not economically feasible 
may practical the future. Develop- 
ments protective coatings are rapid, 
and new materials cannot disregarded 
just because present materials and tech- 
niques perform well. 


Any discussions this article not published above 


will appear the June, 1959 issue 
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Discussions will reviewed the editor Corro- 
sion and will sent the author the paper discussed 
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cal Section with full credit the authors together with 
replies. Discussions papers presented meetings 
the association may submitted writing the time 
presentation later mail the editorial offices 
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Laboratory data have been collected 
coatings which have proved per- 
form well field experience. Testing 
techniques and experience compare 
new, untried materials against proven 
ones have been gained. stated pre- 
viously, often only small differences 
similar materials are found. This was 
true particularly when similar competi- 
tive coatings proved performance 
were tested. However, unsatisfactory 
coatings are detected very rapidly 
the reason for their failure give 
performance determined. 
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Failure Type 316 Stainless Steel 


Autoclave 


Introduction 

HIS PAPER describes investiga- 

tion into the cause failure 
mber autoclave components which 
operational life. This latter factor 
will seen later, the absence 
corrodant make the case question 
special interest. 

The autoclave question was 
gallon capacity and non-agitated; its 
body and cover were Monel while 
its cooling coil, thermowell, sampling 
tube, valve and their associated fittings 
were AISI Type 316 stainless steel. 
conditions 
specified the manufacturers were: 


temperature: 343 
(650 


Maximum pressure: 2500 inch 
(at 650 


manufacturers considered the auto- 
clave suitable for use with 
percent maximum aqueous caustic soda 
(NaOH) solutions the above-men- 
tioned temperature and pressure max- 
ima. 

With view additional safety, the 
maximum operating conditions decided 
the operators were: 

Temperature: 300 (572 


Pressures maximum temperature 
ranging from 1200-1500 inch 
depending the liquid charge 

The temperature the autoclave was 
regulated automatically electronic 
temperature controller, the controlling 
thermocouple being situated the auto- 
time-temperature record every opera- 
tion was obtained from second simi- 
larly placed thermocouple connected 
recorder. After equilibrium had been 
established, maximum temperature 
differential +2C was recorded. 


Operational History The Autoclave 


All precautions the manufacturer’s 
instructions were followed. Temperature 
maintained the boiling point 
the liquid charge for three four 
with the valve open purge 
the autoclave Thereafter the valve 
closed and the controller set the 
desired operating temperature. 

The operational history the auto- 
clave given Table The manu- 
specified maximum operating 
‘onditions were not exceeded even 
approached. 

Failure occurred during the night and 
vas not detected until the following 
norning. Since pressure-time records 
vere not kept, the exact instant fail- 
ire not known. The operational life 
was assumed between and 


*® Submitted for publication October 18, 1957. 
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Preliminary Inspection 

After failure had been detected, the 
autoclave was cooled and dismantled for 
preliminary inspection. The nut (des- 
ignated the underside the 
cover the opening leading the 
valve appeared loose. When re- 
moved, the head the nut came loose, 
leaving the threaded portion the 
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TABLE 1—Operational History Autoclave 


Abstract 


short account given investi- 
gation into the cause failure 
number of Type 316 stainless steel auto- 
clave components that failed service 
after extremely short operational 
life. Failure of these components situ- 
ated the vapor phase 
stress-corrosion cracking. The active 
corrodant was probably chloride while 
the stresses that initiated failure were 
predominantly residual. There evi- 
dence that the components suffered some 
degree cold working prior instal- 
lation, the latter probably resulting from 
machining or fabrication. The failure was 
way due the use any time 
excessive operating temperatures pres- 
sures. 7.6.3 


cover. The fractured surface nut 
was completely blackened except for 
few bright facets where the material had 
still held (see Figure 1). 
However, leakage had occurred 
this point. The nut the outside 
the cover was intact and the valve 
good order. 

Further inspection showed that 
similar nut (designated the under- 
side the cover one the open- 
ings the cooling coil had failed and 
that leakage had taken place this 
point. Cracks also were observed the 
cooling coil below and point about 
inches from nut 

Other nuts the same type and the 
thermowell the underside the 
cover were found tight; at- 
tempt was made remove these com- 
ponents. Since the cover was returned 
the manufacturer for dismantling and 
repair, not known whether any 
the other Type 316 stainless steel com- 
ponents had contained cracks though 
cracks were obvious.on visual inspec- 
tion. should noted that neither 
nuts nor had been touched any 
time prior failure; they had remained 


Control Maximum 
Pressure 


150 min 
200 205** 1 hr, 15 min 
150 
200 300 
300 1400 
2000 distilled water and two diameter mild 
2000 10% NaOH and 300 hr, min 
(for not less 
than 8 hr) 


Total Time Or: 52 hr, 35 min; 


Time Prior Failure: 


* Denotes first two running-in periods when minor leaks were experienced at the seal. 
** Equilibrium condition not reached because of time factor. 


*** Failure occurred. 
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Figure 1—Top view fracture surfaces Type 316 stainless steel nuts and 


Figure 3—Longitudinal axial section, 


ceived from the manufacturer. 
The components that failed were: 
(AISI Type 316 stainless 
steel) 
(AISI Type 316 stainless 
steel) 
Cooling coil (AISI Type 316 stain- 
less steel seamless tubing) 


as fre- 


Plan and side views ruptured nuts 
and are shown Figures and 
Reference these figures reveals that: 

(a) The fracture surface nut 

black, denoting some corrosion 
(b) thin white deposit noted 
nut which presents the possi- 
bility that leakage occurred here 
with consequent deposition and 
concentration caustic soda 
this point 


TABLE 2—Chemical Analyses Nuts and 


nut fracture horizontal top. 


Unetched, 6X. 


(c) Nut failed the screw thread 
fillet 

(d) Nut failed the beginning 
the screw thread 


Ultra-sonic, dye-penetrant 
graphic testing the autoclave body 
(Monel forging) failed reveal cracks 
defects any nature. The same ap- 
plied the cover which was tested 
the manufacturer. 


Composition the Material Nuts 
and 


Drillings from nuts and were 
analyzed determine Type 316 
stainless steel had been used. The re- 
sults are given Table 

The materials both nuts and 


TABLE 3—Hardness Cracked Components 
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Figure 2—Side view on Type 316 stainless steel nuts B and F. 


Figure 4—Longitudinal axial section, nut showing 
portion field Figure Unetched, 12X. 


obviously satisfy AISI specification for 
Type 316 stainless steel although the 
contents are high. 


Metallographic Examination 


Both nuts and were sectioned 
through their longitudinal axes, mounted 
and polished the usual 
manner for metallographic examina- 
tion. small section was also cut from 
the cooling coil, flattened, mounted and 
polished. 

Figures and show unetched low- 
power views nut Apart from the 
fracture surface, 
cracks, both fine and coarse, are seen 
the body the nut. Cracks originate 


Composition-percentage 


Source Sample 


Nut B 
Nut F.. 


Component 


Nut F, specimen MU/18 
Nut F, specimen MU/19................. 
Nut B, specimen MU/20 


Hardness VPH* 
(Average of 5 
Impressions) 


190 


Cooling Coil, specimen MU/22.............. 


* VPH—Vickers Diamond Hardness Number 
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from both bore and surface, the great- 
est concentration cracks being situ- 
ated the screw thread fillet (see 
Figure 4). Nut 
with the exception that 
originated exclusively from 
tie bore the nut. 
The electrolytically polished micro- 
were electrolytically etched 
percent sulfuric acid. general 
microstructure nuts and cooling 
coil may classified relatively fine 
and “clean.” The non-metallic 
inclusions were elongated, being 
the longitudinal axes the nuts. 
his characteristic typical 
bar stock from which the nuts 
ere apparently machined. The materials 
nuts and cooling coil appeared 
austenitic because definite 
ferrite was found the 
However, the materials 
contained large proportion strain 
and what was probably the 
and Hines and typical 
the strain markings 
quasi-martensite uniform 
across any particular cross-section 
though there some tendency for more 
markings situated near the 
-urfaces the components. There 
evidence that the 
tially follow quasi-martensite plates. 


The cracks the nuts and cooling 
coil were found transgranular and 
exhibited tendency branched and 
blunt. typical example shown 
Figure black corrosion product 
was detected the cracks. 

Figure shows view mechani- 
cally polished and electrolytically etched 
microspecimen. Electrolytic polishing 
drastically opened-up even the fine 
cracks, obscuring their characteristics. 


The surfaces the components show 
little, any, evidence pitting, and the 
origins the cracks not appear 
coincide pits. 


Discussion 


The authors are convinced that the 
failures question are typical stress- 
corrosion cracking which invariably 
transgranular nature austenitic 
stainless might argued 
that transgranular cracking can also 
arise from fatigue corrosion fatigue, 
but these phenomena are discounted 
causes failure for the following rea- 
sons: 


The negligible number stress cycles 
which the components had been 
subjected 


The virtual absence cyclic stresses 
the components which failed 


The magnitude the tensile stress 
required initiate stress-corrosion 
cracking austenitic stainless steels 
not known with certainty (and appears 
vary with the corrodant), but 
generally accepted that the threshold 
stress about the same less than 
the material’s yield The 
latter relatively low fully softened 
18-8 type steels. has not been pos- 
sible place any safe limit upon the 
maximum allowable stress this type 

The components under consideration 
are not believed have been subjected 
applied stresses significant magni- 
tude. the case the nuts and F), 
applied stresses could have two possible 
origins: 


FAILURE TYPE 316 STAINLESS STEEL AUTOCLAVE COMPONENTS 


Figure 5—Micrograph showing strain markings and/or quasi-mariensite, nut Electrolytically polished and 
etched, 132X. 


fie \ 


Figure showing branched and blunt transgranular cracks. Mechanically polished, electrolyti- 
cally etched, 132X. 


the nuts 


Expansion stresses caused the 
dissimilar expansion coefficients 
stainless steel and Monel 


Applied stresses resulting from either 
both the above should not 
sufficient cause stress-corrosion crack- 
ing unless the nuts were tightened exces- 
sively, unless insufficient design safety 
factors were employed. Excessive tight- 
ening the nuts should considered 
possible cause since the sound nuts 
both the top and underside the 


autoclave cover were found tight. 
Such tightness may necessary, how- 
ever, for pressure tightness. 

the case the cooling coil, the 
setting applied stresses any 
appreciable magnitude would 
ficult since this component carries virtu- 
ally load and free expand with- 
out constraint. 

Stresses that caused failure the 
components stress-corrosion crack- 
ing must predominantly residual 
character, particularly the case the 
cooling coil. the case the nuts, 
existing residual stresses would appear 


m : | 


have been reinforced externally 
applied stress. Figure indicates that 
large number cracks originated 
around nut B’s screw thread fillet. 
washer situated this fillet; thus 
the material and immediately adjacent 
the fillet can expected sub- 
jected tensile stress when the nut 
tightened. 

Cracks also originated from the bore 
the nuts and positions removed 
from the threaded portions especially 
the case nut These latter por- 
tions the nuts should not 
jected any appreciable externally 
applied stress. Many (but not all) 
the cracks appear originate geo- 
metrical discontinuities. This behavior 
not unexpected since geometrical dis- 
continuities act stress raisers. 

Residual stresses austenitic stain- 
less steels can result from the softening 
(quenching) heat treatments presumably 
employed and from deformation during 
fabrication and machining. The presence 
such deformation cold work should 
manifest itself relatively high hard- 
ness the material. For fully softened 
Type 316 stainless steel hardness 
the order 170 Vickers Diamond Hard- 
ness would expected. Hardness meas- 
urements the cracked components are 
shown Table 

From Table would appear that 
all the components have been cold 
worked varying degrees. The cool- 
ing coil and nut 
greater than might expected for 
fully softed material though the high 
hardness specimen MU/22 (cooling 
coil) might partly attributable 
the fact this specimen 
prior mounting and testing. The 
hardness impressions were made the 
body the components. The surface 
hardnesses are probably greater, and 
consequently their surfaces have been 
cold worked appreciable degree. 
Should this the case, these cold 
worked surfaces would expected 
areas appreciable residual stress. 

the microstructures the components 
provides additional evidence the pres- 
ence considerable cold work and 
consequently, residual stress. 

rather puzzling aspect the failures 
found the absence corrodant. 
Distilled water was the charge five 
the six cycles which the auto- 
clave was subjected; only the last 
cycle was percent charge 
employed. the authors’ knowledge, 
Type 316 stainless steel has the past 
been considered resistant concen- 
trated caustic soda solutions the tem- 
peratures question, but recent work’ 


*The NaOH employed was of ultra pure 
quality. (Mercks Reagenzien 6496) 


Any discussions this article not published above 


ASSOCIATION CORROSION ENGINEERS 


has revealed that caustic soda may, 
under certain conditions, cause stress- 
corrosion cracking austenitic stainless 
steels. However, even caustic soda 
were the active corrodant, that acted 
with such rapidity (in less than hours 
300 surprising. Since cracking 
occurred exclusively material exposed 
only the vapor (steam) phase, the 
choice caustic soda the active 
corrodant unconvincing. 

Recent work Williams and Eckel’ 
has revealed that austenitic stainless 
steels are susceptible stress-corrosion 
cracking high temperature chloride 
water environments. This particularly 
true for exposure the steam phase 
chloride bearing waters; with inter- 
mittent wetting and consequent con- 
centration constituents, 
cracking was produced with water con- 
taining little ppm chloride. Sev- 
eral cases have been recorded stress- 
corrosion service failures attributed 

analysis two typical samples 
distilled water from the same source 
that employed the autoclave and 
sample the ultra-purity caustic soda 
showed the following results: 


Sample Chloride Content (ppm) 


Distilled water 0.38 
Distilled water 0.24 
Caustic soda 7.9 


Unfortunately the oxygen content 
the distilled water not known, but 
this should not high even though 
deaeration precautions were employed. 
percent caustic soda solution was 
employed the sixth and final cycle 
the autoclave. The effective chloride 
content this solution, due the caus- 
tic soda, was approximately 0.79 ppm 
while that the solution was about 
ppm. 

The results Williams and Eckel’ 
apparently justify the identification 
chloride the active corrodant the 
case under consideration although the 
rapid failure and the low chloride con- 
tent the raw liquid charges are mysti- 
fying. clear, however, that safe 
limit can placed upon the allowable 
chloride content the corrodant 
operating conditions are such al- 
low concentration the chloride 
occur.® 

chloride parts the autoclave ex- 
posed the steam phase may found 
such factors water carry-over, 
splashing, and start and shut-down 
operations, the case under considera- 
tion these factors can discounted 
since splashing and water carry-over 
could have occurred only limited 
extent the autoclave. was com- 
pletely sealed, not agitated and not con- 


will appear the June, 1959 issue 


Vol. 


trolled the use controlled leak 
blow-off device. Only six start and 
five shut-down operations were carricd 
out prior failure. Nevertheless, 
the evidence available would appear 
point some chloride concentraticn 
mechanism having been operative. 


Conclusions 


The failure service number 
Type 316 stainless steel autoclave com- 
ponents, situated the vapor (steam) 
phase, attributed stress-corrosicn 
cracking. The active corrodant prob- 
ably chloride while the stresses that ini- 
tiated failure are predominantly 
There evidence that the 
had suffered some cold working prior 
installation, the latter probably resul:- 
ing from machining fabrication. The 
failure way due the use 
any time excessive operating tem- 
peratures pressures. 
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Corrosion Properties Tantalum, 


Columbium, Molybdenum and Tungsten* 


Introduction 

ANTALUM, tung- 

sten and molybdenum are charac- 
rized their high melting points, 
high strength elevated tempera- 
tires and their unique corrosion resist- 
properties. The object this paper 
summarize these properties and 
the present and potential areas 
application the chemical industry. 


Table some the physical prop- 

rties these metals are presented, Also 
are the density and melting 
omparison, 
general chemical properties, the 
four metals are transition elements, co- 
and tantalum being located 
Group V-A the periodic table below 
vanadium, and molybdenum and tung- 
sten Group VI-A below chromium. 
All are multivalent elements capable 
existing cations and anionic radi- 
cals. They all carbides, 
nitrides, oxides, halides, sulfides. 
The oxide film naturally present the 
surface items fabricated from these 
metals has great deal with their 
corrosion resistant properties. This 
especially true for tantalum. 

chemical reactivity, and 
corrosion resistance each metal varies 
with the metal and with the temperature 
and concentration the reagent. 


Tantalum 

Tantalum, the most resistant the four 
metals, inert acidic solutions, with 
the exception those involving and 
free the temperatures normally 
encountered industrial processes. the 
case percent and percent 
slow uniform attack begins 
about 175 Figure shows the curves 
relating temperature and the rate attack 
inches per year for fuming (15 per- 
percent The first curve con- 
firms the rapid attack due free 
and the others the low rates corrosion 
below 200 for percent and 
percent the concentration 
decreased the rate corro- 
sion given temperature becomes 
less, For example, recent test 
chemical company showed rate 
0.0031 inch per year for percent 
250 This about one-tenth 
that for percent the same 
temperature. 


Tantalum inert wide variety 
reagents over the temperature range 
commonly used solution processes. 


% Submitted for publication February 17, 1958. 
A paper presented at the Fourteenth An- 
nual Conference, National Association of 
Corrosion Engineers, San Francisco, Cali- 
fornia, March 17-21, 1958. 


CLIFFORD HAMPEL 


CLIFFORD A. HAMPEL, former manager of 
the chemical equipment division of Fansteel 
Corp., North Chicago, Illinois, is now engaged 
in consulting work in Skokie, Illinois. He re- 
ceived chemical engineering from the 
University of Minnesota (1934) and worked as 
a research chemist for such organizations as 
Diamond Alkali Co., Mathieson Alkali Works, 
and Armour Research Foundation. During 
World War I! he did work on the Manhattan 
Project Columbia University. Mr. Hampel 
is a member of ACS, ASM, AAAS and several 
other technical organizations. He edited the 
“Rare Metals (1954) and has 
contributed numerous articles technical 
magazines and books. 


Among them are nitric acid, including 
red fuming HNOs, hydrochloric acid, 
aqua regia, chromic acid, perchloric acid, 
nitrogen oxides, chlorine oxides, chlo- 
rine, bromine, hypochlorous acid, or- 
ganic acids including monochloroacetic, 
and hydrogen peroxide, all with con- 
centration limitations. 


Exposure Nitric Acid 

illustrate the wide range tem- 
peratures and concentrations which 
tantalum effective, data recently re- 
ported exposures nitric acid are 
interest. Montecatini, the huge Italian 
chemical company Milan, exposed 
tantalum percent containing 
0.1 percent 0.4 percent nitrogen 
oxides and 1.5 percent 132 for 
762 hours. The corrosion rate was 
0.00002 inch per year and the metal was 
unchanged appearance, 

another test the laboratory 
American company, tantalum was 


TABLE Physical Properties Ta, Cb, and 
Compared with 1030 Steel 


Abstract 


The corrosion resistance properties of 
tantalum, columbium (niobium), molyb- 
denum and tungsten they are affected 
by the nature of the corrosive medium, 
its concentration and its temperature are 
presented. Tantalum, the most resistant, 
inert all acids except and free 
SOs: at temperatures usually encountered 
strong alkalis at room temperature. The 
resistance to gases depends upon the 
temperature exposure. Columbium 
general is less resistant than tantalum 
all media. Molybdenum shows good 
resistance non-oxidizing acids and 
alkaline solutions over wide range 
attacked only slightly hydrofluoric 
acid. Tungsten’s resistance to acid cor- 
rosion equal better than that 
molybdenum. All four are extremely re- 
sistant the liquid metals elevated 
temperatures. The structural and fabrica- 
tion limitations each metal are dis- 
cussed and the useful fields application 
are indicated. 6.3.1 


exposed percent HNO; containing 
0.49 moles/liter aromatic compounds 
180-200 and 200-250 psi. The solu- 
tion was aerated. corrosion rate 
0.0004 inch per year was calculated, but 
since the test was only hours 
duration and the sample weight loss 
0.0004 gram, the corrosion rate may 

tantalum lined autoclave has been 
operated for several months with 
percent solution 250-300 and 
1200-1500 psi chemical company’s 
pilot plant. While the tantalum has be- 
come colored oxidation film, the 
corrosion the metal has been very 
original metal. 


Effect Fluoride Ion 

Hydrofluoric acid, gaseous HF, 
acid solutions containing more than 
parts per million fluoride ion all 
corrode and embrittle tantalum. How- 
ever, this attack apparently does not 
occur when fluoride ion present 
chromium plating baths. one test 
corrosion rate 0.00002 inch per year 
was observed tantalum coupon 
hung chromium plating bath for 
The percent CrOs con- 
tained 0.5 percent fluoride ion and was 
maintained 130-140 another test 
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CORROSION RATE, INCHES/YEAR 


GAIN IN WEIGHT - MG/SQ. DM. PER DAY 


25 50 7s 100s «12S 
TEMPERATURE 


BISMUTH 


GALLIUM 
LEAD 
LITHIUM 
MAGNESIUM 
MERCURY 


POTASSIUM ALLOY 


SODIUM 


RESISTANCE 


hours duration corrosion rate 
0.0002 inch per year was measured. This 
bath contained oz/gal CrOs, 0.20 
oz/gal H2SO, and 0.40 fluoride 
ion and 130 The negli- 
gible attack tantalum the fluoride 
ion these strongly acidic solutions 
may inhibition caused complex 
ion formation between fluoride and chro- 
mium ions. 

Tantalum attacked even room 
temperature concentrated alkaline so- 
lutions and dissolved molten alka- 
lis and molten 
However, tantalum fairly resistant 
dilute alkaline solutions. one long 
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Figure 1—Corrosion rate versus temperature tantalum percent SOs 


175 200 225 250 275 250 300 
DEGREES C 


J 


UNKNOWN RESISTANCE 
INFORMATION INADEQUATE 
INDUSTRIAL SOURCE 


Figure resistance tantalum liquid metals affected temperature. 


term exposure test paper mill 
10. has been used anode baskets 
number silver cyanide barrel 
platers for several years, and although 
the solutions are quite alkaline with free 
KOH, the tantalum has remained bright 
and ductile with failures occurring. 

Tantalum readily absorbs atomic hy- 
drogen even room temperature and 
molecular hydrogen temperatures 
above about 250 forming 
stitial combination whose maximum hy- 
drogen ratio The metal 
becomes very hard and brittle. Most 
frequently, the absorption atomic hy- 
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CORROSION TANTALUM 
AIR 


MDD 


250 0.0 
280 0.4 
300 0.7 
2.5 
350 6.0 
390 
435 18.7 


450 500 
DEGREES CENTIGRADE 


Figure 2—Corrosion tantalum air, expressed weight gain mg/sq 
dm/day, versus temperature. 


drogen occurs when the 
comes cathodic galvanic cell circuit. 
Under these conditions hydrogen dis- 
charged the tantalum cathode. Stray 
voltages give the same result. the 
tantalum maintained anodic, 
electrically insulated, the formation 
and absorption hydrogen prevented. 

The oxide film the surface tan- 
talum prevents the flow current from 
the tantalum electrolyte when the 
metal made anodic, although per- 
mits the passage current when 
metal metal contact occurs. This 
property makes tantalum valuable for 
rectifier and capacitor applications. 

associated with solution processes, tan- 
talum becomes reactive element. While 
and below, 300 shows tarnish 
hours and the rate corrosion 
(weight increase) increases rapidly 
higher temperatures. This shown 
Figure which plot the weight 
gain versus temperature. 
Similar effects are obtained oxygen 
and nitrogen, 

Fluorine attacks tantalum room 
temperature, chlorine about 250 
bromine 300 and iodine well 
above 1000 Sulfur reacts with tanta- 
lum red heat forming tantalum sul- 
fide, 


High Temperature Exposure 


Tantalum resistant reaction with 
most the liquid metals high tem- 
perature. not affected sodium, 
potassium, sodium-potassium alloys 
lithium and lead 1000 
450 Recent work Argonne Labora- 
magnesium, and uranium-magnesium and 
plutonium-magnesium alloys 1150 C.’ 
Figure bar chart these data. 
This resistance makes tantalum great 
interest material construction for 
nuclear energy power systems where 
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metals are used heat transfer 
agents. 

\luminum reacts rapidly the liquid 
ate with tantalum form the stable 
compound, aluminum tantalide. 


w 


Columbium 

While somewhat similar tantalum 
corrosion resistance, columbium 
slowly most the reagents 
which tantalum inert and rapidly 
materials which corrode tantalum. 

Columbium has high degree re- 
most acids and acidic solu- 
room temperature, one exception 
ing percent oxalic acid. Hot con- 
hydrochloric, sulfuric and 
acids attack the metal, al- 
ough hot concentrated nitric acid does 
not. unaffected room temperature 
sulfuric, hydrochloric, nitric, phos- 
tartaric, lactic, acetic and per- 
acids, aqua regia, percent 
hydrogen peroxide and percent 
ferric chloride. 

Like tantalum, columbium absorbs 
aid becomes embrittled atomic 
(nascent) hydrogen. Thus, those acids 
which attack even slowly liberate 
sufficient hydrogen cause the metal 
become brittle. For example, while 
the corrosion rate percent oxalic 
acid was found only 0.0006 
inch per year, the sample columbium 
hecame brittle Precautions 
must taken prevent the metal from 
becoming cathodic galvanic couple 
since the hydrogen dis- 
charged upon causes embrittlement. 

Columbium not resistant alkaline 
solutions (i.e., percent NaOH KOH 
not attacked ammonium hydroxide 
room temperature. 

Air begins oxidize columbium 
slowly about 230 the rate accel- 
erating the temperature increased. 
390 white oxide begins appear 
the surface. Heating pure nitrogen 
results nitride formation above 300 
Columbium reacts rapidly with fluorine 
room temperature, with chlorine 
about 200 and with bromine some- 
what higher temperatures. 

The resistance columbium liquid 
metals elevated temperatures approxi- 
mates that tantalum. This resistance 
plus the low thermal neutron absorption 
cross section columbium makes its 
use attractive some types nuclear 
reactors, chiefly canning material 
for uranium. 


Molybdenum 


While molybdenum has very attrac- 
tive corrosion resistance properties, the 
difficulty obtaining strong, non- 
brittle welds with has restricted its 
application chemical equipment. 


The metal outstanding for its re- 
sistance cold hot hydrofluoric acid 
ind cold hot concentrated hydro- 
acid, provided oxidizing agents 
are not present. Concentrated nitric acid 
attacks molybdenum slowly room 
temperature probably because the 
formation passivating film, but di- 
lute acid and hot concentrated 
nitric acid react with rapidly, does 
dissolved readily aqua regia. 


The corrosion molybdenum sul- 
furic acid varies with the temperature 
and concentration. The presence air 
oxygen the sulfuric acid system 
accelerates the corrosion rate. While the 
metal reacts readily with boiling con- 
centrated the corrosion rate 
about 0.001 inch per year determined 
test industrial sulfuric acid 
concentrator. 

When used anode percent 
sulfuric acid the corrosion rate room 
temperature 612 per ampere-hour, 
8.3 inches per year, current density 
370 amperes per square foot.* This 
study was made find suitable support 
members for electrocleaning operations 
sulfuric acid. Tantalum could used 
with immunity from corrosion this 
application. 

The attack phosphoric, acetic and 
chromic acids slight. 

Molybdenum not corroded alka- 
line solutions. However, when made 
anode caustic solutions dissolves 
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rapidly. Molten sodium potassium 
hydroxide attack molybdenum beginning 
about 660 the absence oxygen. 
the presence oxygen the attack 
begins lower temperature. 

Fluorine attacks molybdenum 
reaction with chlorine begins about 
250 and with bromine about 450 
The metal unaffected iodine 
800 

Oxygen and air react with molyb- 
denum elevated temperatures. Oxida- 
tion begins 300 and somewhat 
above 600 the oxide, begins 
sublime from the While mo- 
lybdenum has excellent strength high 
temperatures, must protected from 
the air due this poor oxidation re- 
sistance. coating molybdenum di- 
methods preventing oxidation. 

nitrogen, nitriding begins 1500 
carbon monoxide, carburizing 
starts 1400 and carbon dioxide, 
oxidation begins 1200 Steam at- 
tacks molybdenum 700 The metal 


TABLE 2—Degree Attack Metals Sulfuric Acid 


DILUTE, 20-25% 


CONCENTRATED, 98% 


cs None Slow Slow Slow 


Corrosion rate, 175 0.0001 ipy; 200 0.0015 ipy. 


Partially embrittled one year. 
3 Brittle. 


4 Corrosion rate, 65 percent H2SO:, boiling point (152 


C), 0.001 ipy. 


TABLE 3——Degree Attack Metals Acid 


DILUTE CONCENTRATED 

Rapid Rapid Rapid Rapid 
Slight Slight Slight Slight 
Slight Slight Slight Slight 


TABLE 4—Degree Attack Metals Sodium Hydroxide 


DILUTE CONCENTRATED 


1 Brittle 
2 In the absence of oxygen. 


TABLE 5—Degree Metals Hydrochloric Acid 


CONCENTRATED 
Molybdenum Very slight | Slight 
Brittle. 
DILUTE CONCENTRATED 
None None None None 
Slight Slight Slight Slight 
* Forms protective film. 
559t 
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CORROSION 


does not react with hydrogen and sinter- 
ing bars compacted powder 
hydrogen. 

Sulfur reacts with molybdenum red 
heat, and hydrogen sulfide 1200 

The resistance molybdenum 
liquid metals elevated temperatures 
outstanding, comparable that 
tantalum. Molybdenum reported* 
suitable for long-time service with 
sodium 1500 with bismuth 
1427 with lead 1100 with lith- 
ium, potassium and sodium- -potassium 
alloys 900 with bismuth-lead alloys 
800 with magnesium 610 with 
mercury and bismuth-tin-lead alloys 
600 and with gallium 300 
severely attacked tin 1000 and 
aluminum attacks fairly rapidly even 
the melting point aluminum, 660 


Tungsten 


Like molybdenum, tungsten exhibits 
very interesting corrosion resistance 
properties. However, most difficult 
weld and brittle room tempera- 
ture, except thin sections, For these 
reasons has not been ma- 
terial construction for chemical equip- 
ment. The chief applications tungsten 
are found electronic tube components, 
x-ray targets, electrical contacts and 
welding electrodes where its high melt- 
ing point, low vapor pressure, and high 
strength are attractive factors. 

Tungsten not attacked hydro- 
fluoric acid and only slightly hot 
dilute concentrated hydrochloric acid 
and hot concentrated sulfuric acid. The 
attack nitric acid and aqua regia 
dissolves tungsten rapidly. 

the absence oxygen, tungsten 
resists corrosion alkali solutions and 
ammonium hydroxide. Molten caustic 
alkalis the presence oxygen react 
rapidly with tungsten. When used 
anode alkaline solutions, the metal 
dissolves rapidly. When used an- 
ode room temperature percent 
sulfuric acid, tungsten corrodes the 
rate 0.0013 inch per This low 
corrosion rate has been found apply 
commercial electrolytic operations in- 
volving dilute sulfuric acid where tung- 
sten has been used anodic contact. 

Fluorine attacks tungsten room 
temperature, chlorine about 250 and 
bromine and iodine red heat. the 
presence oxygen, chlorine attacks 
tungsten 600 C.° 


Water vapor reacts rapidly with tung- 
sten 700 Oxidation the metal 
air begins about 400 and the 
rate becomes rapid above 600 


Tungsten very stable nitrogen and 
nitriding begins 2300 Hydrogen 
has effect any temperature. 
carbon dioxide, oxidizing tungsten 
begins 1200 and carbon monox- 
ide, carburizing begins 1400 Hy- 
drogen sulfide discolors tungsten 
1200 

Elements such carbon, boron, sili- 
con, and sulfur combine with tungsten 
elevated temperatures form corre- 
sponding compounds. For example, tung- 
sten carbide, WC, begins formed 
1200 when carbon and tungsten are 
contact. 

Tungsten has good resistance for ex- 
tended use many liquid metals. 
suitable for use with sodium and 
sodium-potassium alloys 900 with 
mercury 600 with gallium 800 
with bismuth 980 and with mag- 
disintegrated 1000 lithium con- 
tained Armco 


Comparative Corrosion Effects 


The effect each several common 
corrosive agents upon the four metals 
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DISCUSSION 


Question Otto Fenner, Monsanto 
Chemical Company, St. Louis, Mis- 
souri: 


has been stated that tantalum plugs 
used patching glass lined steel equip- 
ment containing plugs other alloys 
such Hastelloy suffer galvanic 
corrosion accelerated manner 
completion circuit through the elec- 
trolyte and steel shell. Will you please 
comment the authenticity and, true, 
mechanism failures tantalum 
this means? 


Reply Clifford Hampel: 


Tantalum cathodic many metals, 
including high nickel alloys like Hastel- 
loy and when becomes cathodic 
galvanic circuit, like the one referred 
to, atomic hydrogen discharged upon 
its surface. The hydrogen formed 
absorbed and the tantalum becomes em- 


Any discussions this article not published above 


will appear the June, 1959 issue 
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brittled and frequently decrepitates, since 
tantalum hydride brittle and friable 
material. Tantalum should not used 
repair glassed steel vessel which 
contains repair plugs patches au- 
other metal, nor should repair plugs 
another metal inserted into wall 
plugs. the formation electrolytic 
ger the tantalum exists. 


Question William Wilson, Colum- 
bia Southern Chemical Corp., Barber- 
ton, Ohio: 


What are the relative costs 
columbium, molybdenum 
the present time? 


Reply Clifford Hampel: 


the present time the costs 
inch sheet made powder metallurgy 
techniques are $50.00 per pound for 
tantalum, $65.30 for columbium, $19.90 
for molybdenum and $33.00 for tungsten. 
Prices for other forms not neces- 
sarily follow the same ratios since 
above prices include the cost con 
verting powder ingots the sheet 
form. 


Question Eugene Edwards, 
Orinda, Calif: 


What the mechanism which tan- 
talum embrittled hydrogen? 


Reply Clifford Hampel: 


Probably the best way discussing 
the mechanism which 
embrittled hydrogen consider 
what happens when hydrogen ab- 
sorbed tantalum. While the state 
the hydrogen the metal not known, 
probably not present true chemi- 
cal combination, but solid solution 
interstitial compound. Further, 
the hydrogen present atoms 
ions, not molecules. The metal lattice 
expanded the absorption the 
hydrogen, thereby stressing the lattice 
that the metal becomes brittle. This 
density and increase the mo- 
lecular volume the tantalum. The 
absorbed hydrogen liberated when 
the hydrogen-containing metal heated 
1200 and cooled vacuum. 

might pointed out that the em- 
brittling mechanism different from 
that which occurs the hydrogen ab- 
sorption other metals this same 
class, such zirconium, titanium, co- 
lumbium and uranium, all which 
undergo similar embrittlement caused 
hydrogen. 
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Criteria for Adequate Cathodic Protection 
Buried Submerged Steel 
Pipe Lines and Similar Stee! Structures 


Report NACE Technical Unit Committee T-2C 


Criteria for Cathodic Protection** 


ASICALLY, PROTECTIVE elec- 

tric current must applied the 
structure being protected amount 
sufficient prevent current flow into the 
soil from any and all points the sur- 
face the structure. 


Specifically, this protective electric cur- 
rent must applied the structure 
amount sufficient maintain its ex- 
ternal surface, every point, negative 
least 0.85 volt copper-saturated 
copper sulfate half cell the immediate 
proximity thereof. 

The following reservations should 
noted: 


(1) Any departure from the above speci- 
fied minimum value 0.85 volt will 
acceptable only such departure 
shown within sound engineering 
principles, and necessary meet ab- 
normal condition. 


(2) recognized that high degree 
engineering judgment required 


* Coatings should meet requirement: specified 
in the statement of minimum req irements 
for protection of buried pipe lines prepared 
by a Task Group of NACE Group Committee 
T-2. This report was published in Corrosion, 
12, 479t (1956) Oct, 


** Ray M. Wainwright, Good-All Electric 
Manufacturing Company, Ogallala, Nebraska, 
chairman, 


Abstract 


Criteria are given for the adequate ca- 
thodic protection coated, buried 
submerged steel pipe lines and similar 
structures. was recommended that 
protective electric current be applied to 
the structure in an amount sufficient to 
maintain its external surface, every 
point, negative least 0.85 volt 
copper-saturated copper sulfate half cell 
the structure’s immediate proximity. 
Three reservations regarding the use 
these criteria are incorporated 
recommendations. 5.2.4 


conduct potential survey, necessarily 
limited the determination poten- 
tials finite number points, and 
then conclude therefrom that the 
minimum potential has been achieved 
every point. 


(3) recognized that some circum- 
stances may economically imprac- 
tical maintain given structure 
under cathodic protection; the presence 
other structures the vicinity may 
result interference either direc- 
tion. Under such circumstances, plans 
for the application adequate cathodic 
protection should submitted the 
local corrosion coordinating committee 
for coordination. Where such com- 
mittee exists, recommended that 
consultations held with the owners 
structures which may involved. 
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Kinetics Hydrogen Absorption, Desorption 


Introduction 
SUBJECT this paper the 


mechanisms which hydrogen 
absorbed and desorbed from metals. 
The effects hydrogen will com- 
mented upon briefly because they are 
frequently not distinguishable from the 
mechanisms under consideration. 


Hydrogen may held metal 
several ways: 


interstitially held atoms. 


2.As atoms held lattice sites, 
i.e. hydride. 


boundaries. 


This paper concerned only with 
interstitially held atoms structural 
materials such Fe, Cu, Al, and their 
alloys. The amounts hydrogen held 
interstitially are comparatively small, 
few parts per million weight. 

The hydrides these metals are not 
stable at, even below, 
perature. Yet, the hydride will as- 
uct the mechanism absorption. The 
implications this assumption will 
later. 


Retained Hydrogen 

charged with hydrogen, steel 
develops blisters caused 
sure ‘hydrogen gas voids. The pres- 
sure such blisters much higher than 
atmospheric pressure, otherwise would 
not suffice deform the steel. This 
indicates that molecules not pass 
through steel and that gas decom- 
poses very slowly into atoms, which 
pass through the steel. However, 
vacuum fusion analysis for hydrogen, 
all hydrogen, whether dissolved. in- 
cluded, determined. 


presence elements which 
form molecular compounds 
drogen, such compounds may also 
voids and possibly 
boundaries. These pass through the steel 
more than molecules. Their de- 
composition may more less slug- 
gish, but the passage through the stecl 
atoms held such compounds 
certainly delayed the decomposition 
process. This phenomenon has been ob- 
connection with analysis for hydrogen. 
Reference may made 
Chaudron and Moreau,’ who observed 
that the amount evolved from 
300 was essentially smaller than 
that evolved 600 The difference 
was attributed difference between 
held the lattice and held grain 
boundaries. Kelemen and studied 
the evolution from electrodeposited 
They found that part the came 
out rapidly room temperature 
slightly higher temperatures while the 
rest came out slowly unless the tempera- 


*% Submitted for publication October 18, 1957. 
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OWE BERG employed Douglas 
Aircraft Company, Inc., Long Beach, Cal. His 
principal field of work is in reaction kinetics, 
surface reactions and physical chemistry. He 
graduated 1939 from the Royal Institute 
Technology School Technical Physics, 
Stockholm. doctorate degree 


ture was raised above 550 These 
investigators also distinguish between dis- 
solved and retained hydrogen. Andrew 
and Bach, Dawson and 
studied the evolution from steel and 
cast iron, respectively, various tem- 
peratures. Their results show complex 
relation rate evolution and level 
hydrogen solubility temperature. 


The phenomenon hydrogen reten- 
tion molecular compounds es- 
sential feature the behavior hydro- 
gen metals. From the 
absorption and desorption 
tially held atoms, source hy- 
drogen compound void inside 
same compound outside the metal. 


frequently held that migration 
atoms steel slow process. This 
view based experiences which 
retained hydrogen must have been involved. 
Thus, the rate migration atoms 
equal large casting and small 
casting, but the probability the for- 
mation compounds the passage 
through large casting must greater 
than the case small casting, dis- 
regarding possible differences amount 
and distribution compound-forming 
elements the steel. 

There evidence the effect that 
hydrogen such does not cause em- 
brittlement and other hydrogen defects 
but that these phenomena require that 
retained hydrogen formed. 


Dissolved Hydrogen 


Experience indicates that steel does 
not absorb hydrogen from dry hydrogen 
gas. Thus, hydrogen gas may stored 
steel containers. The mechanism 
hydrogen from hydrogen gas 
contains the formation atoms 


Abstract 


The reaction mechanisms for 
sorption hydrogen from 
moist hydrogen gas and dilute acid so- 
lutions, for the desorption from metals 
of dissolved hydrogen in the presence of 
water and for hydrogen solubility and 
permeation under those conditions are 
discussed. Their kinetics are also given. 
Formulae are derived for rates and 
equilibria. These are compared 
perimental data. The migration 
atoms in the metal is concluded to be 
associated with zero or nearly zero acti- 
vation energy. Diffusion is rapid enough 
to maintain almost uniform distribution of 
H atoms in the metal during absorption and 
desorption under ordinary 


slow process. the absorption 
hydrogen from acid solution, 
atoms are formed result reac- 
tions between metal and solution. The 
rate formation atoms related 
the rate reaction and the rate 
dissolution the metal. Absorption 
hydrogen usually requires the supply 
atoms the The formation 
atoms from the source hy- 
drogen important part the 
absorption mechanism, 


Hydrogen absorbed steel proc- 
essing may given off 
Desorption hydrogen occurs also 
during absorption. When the rates 
absorption and desorption are equal, 
the hydrogen the steel equi- 
librium with the source hydrogen. 
The concentration the steel 
then the solubility hydrogen the 
steel under those experimental condi- 
tions. 


The solubility not merely prop- 
erty the metal depends upon 
the environment which exposed. 


equilibrium, the dissolved hydro- 
gen may assumed distributed 
uniformly the metal. During absorp- 
tion desorption state widely off 
equilibrium, the distribution 
mined the rate migration 
atoms the metal compared the 
rate absorption desorption the 
surface. The close 
the surface affected immediately 
absorption and desorption while 
that the interior affected indirectly 
those processes through migration 
atoms. 


The rates which atoms enter 
and leave the surface are determined 
surface processes. The rates depend 
the concentration the surface 
and the environment with which 
are exchanged. For given 
set experimental conditions, the 


boundary condition 


(1) 


when f(c) the net rate absorption, 
absorption and desorption. The distri- 


Decemb 


bution 
exp! 


deno 


Whe 
creases 
creases 
further 
the 
ond tk 
low 
ceed 
fron t 
rave 
the 
the 

plicati 
trollec 
diffusi 
Partic 
the 
magni 
actual 
deviat 
equilil 
tingui 
of cc 


Abso 


attair 
fracti 
neou: 
heter 
the 
Furt 
atom 
of- 


Wate 
the 
iron, 


About 
Author 
4 
| 
| 
This 
The 
be 
Sim 


December, 1958 


bution atoms inside the metal may 
expressed the diffusion equation 


(2) 


sibject the boundary condition (1), 
denoting Laplace’s operator. 


When the surface concentration in- 
creases gradually from zero, f(c) de- 
creases, passes through zero for cer- 
value and then decreases 
The diffusion constant in- 
the concentration, least 
the low concentrations under con- 
this paper. The rate 
proportional the concen- 
gradient. Therefore, principle, 
must concentration gradient, 
small, order that the ab- 
distributed over the metal 
the surface concentration kept 
enough allow absorption pro- 
ceed high enough allow desorp- 
proceed. The concentration 
need greater than that 
‘he surface concentration kept 
level. Therefore, the smaller the 
ate the surface processes, the 
-maller the concentration gradient and 
more uniform the distribution 
metal. 

From the viewpoint practical ap- 
plications, the surface processes are 
primary interest since these may con- 
trolled various means, whereas the 
diffusion constant beyond control. 
Particularly interesting are the rates 
the surface processes relation the 
magnitude the diffusion constant. The 
actual distribution the metal im- 
portant only relation the extent 
deviates from the uniform distribution. 
The distribution during the approach 
equilibrium should, course, dis- 
tinguished from the distribution owing 
compound formation which may vary 
large casting with the distribution 
compound-forming elements estab- 
lished solidification. 


Absorption and Desorption Mechanisms 


The heat dissociation the 
molecule 102 kcal/mol. technically 
attainable temperatures, only 
fraction the molecules possess that 
energy, e.g. 2000 The homoge- 
neous formation atoms pure 
gas therefore slow process. The 
the absence catalysts more rapid. 
Furthermore, the recombination 
atoms slow process the absence 
of- catalysts. 


Moist reacts much more rapidly. 
Water catalyst both for the formation 
atoms from molecules and for 
the formation molecules from 
atoms. hydrogen-replacing metal, e.g. 
iron, decomposes adsorbed its 
surface: 


H2Onas Haas + OH aas (3) 
This reaction may reversed: 


Haas OHaas H2Onas (4) 


The two reactions (3) and (4) will 
assumed have zero activation 
energy, implying that there change 
bond energy those reactions. The 
formed (3) decomposes 


gas OHaas Pleas H2Oaas (5) 


Similarly, promotes the desorp- 
tion from the metal: 


Hunetat gas + OHaas (6) 


The rates (5) and (6) determine the 
rates adsorption and desorption, re- 
spectively, and the boundary conditions 
for the absorption-desorption process. 


Decomposition and recombination 
may accelerated other catalysts 
than e.g. But, since 
always present some extent metals 
and the atmosphere under ordinary 
experimental conditions, H:O par- 
ticularly important catalyst, 


principle, reaction (5) may also 
occur homogeneous reaction with 
radicals the gas phase. But such 
radicals will also engage other 
reactions, e.g. the walls the vessel 
containing the gas. The homogeneous 
tributes insignificantly the supply 
atoms compared the hetero- 
geneous reaction (5). The presence 
radicals the gas phase will 
disregarded. 


principle there little difference 
between absorption-desorption mecha- 
nisms dilute acid solution and moist 
dilute solution for example, 
reacts primarily with the solvent 
which adsorbs and decomposes accord- 
ing reaction (3). The role the 
acid dissolve the hydroxide formed 
that reaction. This slow process 
with sufficiently dilute acid. 


There are cases considerably dif- 
ferent mechanism. Thus, HCl removes 


H metal HClso1 Hz gas Clas: (7) 


the same mechanism even 


the absence This does: 


not apply however. dilute 
action (6). Absorption occurs 
reaction (3) and the reaction the 
acid with the hydroxide: 


H2SO.-+ Fe(OH):—> FeSO, 


Since the amount metal dissolved 
assumed negligible, the re- 


action (8) consists effectively the 


supply two atoms the surface for 
each H:SO, molecule reacting. The net’ 
result the catalytic decomposition 
OHaas give The re- 
actions (5) and (8) are therefore sim- 
ilar, effectively identical. 


order take part reaction (5), 
the molecule must arrive the 
metal surface. According the kinetic 
theory gases, the number mole- 
cules impinging unit surface area 
unit time 


when the mass the mole- 
cule and the number 
molecules unit volume the gas. 
molecule hits empty adsorp- 
tion site, will become adsorbed 
the surface. that position the 
molecule may react according reac- 
tion (5) or, there OHaas avail- 
able, will desorb. the molecule 
hits site adjacent one occupied 
reaction (5) occurs instantly; 
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there adjacent the mole- 
cule instantly desorbed. 


Since the metal surface source 
(in desorption) sink (in absorp- 
tion) molecules, the distribution 
perfectly uniform. The rates absorp- 
tion and desorption are small compared 
the rate redistribution the gas. 
The deviation the actual distribution 
from the uniform distribution then 
negligible, and (H:) the average con- 
centration molecules the gas 
phase. 


This applies also the vapor 
phase. The rate arrival mole- 
cules the metal surface 


when denotes the mass the 
molecule. 


absorption from acid solution, 
the same rate formula (10) holds, But 
order become adsorbed the 
surface, the molecule must break 
the bonds which held the 
liquid. Therefore, all the H.O 
molecules arriving the surface, only 


can adsorbed, 


denoting the bond energy, i.e. the heat 
tion kcal/mol just for 
pure The rate adsorption 
from liquid thus 


the fraction 


There activation energy as- 
sociated with migration such, only 
with removal H:O from the 
The validity the formulae (10) and 
(11) was confirmed measurements 
the rates dissolution iron 
and 


Similarly, order take part 
reaction (6), the dissolved atom must 
arrive the surface. the case 
held solution, the rate 


when the mass the atom and 
{H} the concentration the 
metal. For non-uniform 
{H} the concentration close the 
surface. the distribution deviates little 
from the uniform distribution, {H} dif- 
fers little from the average concentra- 
tion. The thinner the metal, the 
the diffusion paths, the quicker the uni- 
formization the distribution, and the 
smaller the difference between {H} and 
the average distribution. Therefore, for 
sufficiently thin specimen, {H} may 
identified with the average con- 
centration. 


the following the metal assumed 
thin enough, and formulae will 
derived for {H} for such specimen. 
These formulae will then checked 
comparison with observations. Agree- 
ment with observation may taken 
indication validity the formulae 
and therefore this assumption. 


course, absorption without de- 
sorption, the distribution the 
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metal irrelevant. The actual distribu- 
tion important only connection 
with desorption because distribution af- 
fects the value {H} used 
formula (12). 


The formula (12), like (10), implies 
zero activation energy for migration 
atoms the metal. will further 
assumed that there activation 
energy for the removal reaction 
(6). These assumptions will justified 
comparison with experimental data. 


There conspicuous difference be- 
tween reactions (5) and (6): reaction 
(5) leads increase coverage, 
reaction (6) leads change 
coverage. Haas reaction (5) dis- 
solves immediately, there change 
necessary intermediate product both 
absorption and desorption and the 
rate dissolution Haas increased 
infinity, then the absorption re- 
actions (5) and (3) will accelerated, 
but the desorption reaction (6) will 
inhibited. the other hand, instan- 
taneous dissolution Haas assumed, 
reaction (5) may regarded the 
heterogeneous catalyzed decomposition 
while reaction (6) may regarded 
the homogeneous (in the solid phase) 
destruction dissolved 


convenient, therefore, assume 
finite rate dissolution Haas ad- 
sorption such that fraction 
the atoms formed reaction (5) re- 
mains the surface Haas while the 
fraction dissolves, and assume 
infinite rate dissolution Haas de- 
sorption such that the reaction 
with requires direct encounter. 
The infinite rate disolution Haas 
aborption then materialized put- 
ting 


Consequently, reactions (3) and (4) 
should replaced 


H:2Onas Hmetat + O Haas (13) 
+ OHaas H2Onas (14) 


desorption. The rate dissolution 
the rate decomposition the 
intermediately formed hydride. 
The adsorbed H:O assumed 
always equilibrium with the gaseous 
2V; 


H2Ogas 2 H:2O.as (15) 


Since there activation energy for 
adsorption, the activation energy asso- 
ciated with the equilibrium that de- 
sorption. This energy 16.5 
mol according unpublished calcula- 
tions and kcal/mol according 
When crystalline hy- 
droxide developed, this value 
duced the lattice strain energy which 


Absorption and Desorption Kinetics 


Absorption will considered first 
such low concentrations {H} the 
metal that desorption negligible. Re- 
actions (3), (4) and (5) will involved 
while reaction (6) does not occur. The 
enough that the metal surface almost 
covered The equilibrium be- 
tween and expressed 
the formula 


(H:0) (16) 
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denoting concentrations the gas 
parentheses, coverages square brackets, 
and the total coverage The as- 
sumption just stated that high 
enough entails the relations: 


{H} (17) 


Reactions (3) and (4) are assumably 
balance. The rate decomposition 
formed reaction (3), the fraction 
remains Haas. The rate 
The rate destruction Haas reac- 
tion (4) proportional [H] [OH]. 
When those rates are equal, equilibrium 
expressed the formula 


(18) 


The rate formation Haas re- 
action (5) 


(19) 
Since reactions (3) and (4) cancel, equa- 


tion (19) gives the total rate forma- 
tion of 1S 


Solving equation (18) for [OH] and 
equation (16) for and inserting 
them equation (19) give 


(20) 


Integration gives with 


(21) 


For simplicity, [H] assumed for 
t= VU. 

For metal sheet thickness and 
unit surface area, each atom dissolved 


the metal contributes the aver- 


age the metal. 
empty sites adjacent becomes 
occupied result (5), the 
formed reaction (5) may use 
the empty sites left for decomposition 
according reaction (3). Therefore 


(22) 
or 


Inserting equation (21) equation (23) 
and integrating give 


(24) 


{H} 


assuming {H} fort 


Since small, may 
Then 


~ Oand 


Desorption the absence 
tion considered now. This case ma- 
terialized when {H} large com- 
pared (H:). The metal has been 
sumed charged with absorp- 
tion discussed above and then 
atmosphere containing very litt! 
Reactions (3) and (4) are now 
placed reactions (13) and (14), as- 


{H} [OH] (26 


The rate desorption 
d{H} 


The general solution may 
with the relation 


Equations (16), (26) and (28) give 
{H} 
(29) 


When {H} small enough, {H} may 
ignored the side K”. this 
case 


For carefully dried gas, (H:O) 
small and 


This inserted Equation (27) yields 


log {H} = log {H},.— d K 


(32) 


For moist gas liquid water, 
large and 


(33) 
This inserted (27) yields 


illuminating that and occur 


only the combination 


the de- 


sorption formulae. This because the 
rate desorption depends the rate 
arrival atoms the surface. 
This rate determined the ratio 
migration velocity and migration path 


length, i.e. 


The rate desorption terms 
gas evolved 


(35) 


The rate depends thus factor 
whether pertains gas evolution 
desorbed reduction concentra- 
tion. 


The case when absorption and de- 
sorption occur simultaneously and 
equal rates interest because de- 
termines the saturation level the 
concentration the metal: 
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d{H} 


Eliminating [OH] means equation 
(26) and means equation 
(16) gives 


When {H} large, Equation (29) 
takes the form 


(38) 


This inserted Equation (37) yields 


dry atmosphere, small, this 
gives 


gives 


v (H:) 

both cases {H} independent 
The formulae (40) and (41) are there- 
fore not limited thin specimens. This 
obvious since, saturation, the net 
rate the surface processes zero. 
Therefore, however small the diffusion 
constant, the concentration gradient will 
also zero saturation. The assump- 
tion uniform distribution must 
therefore hold strictly saturation. 
The formulae may simplified 
inserting the values and accord- 
ing formulae (9) and (12), for 


Simultaneous absorption and desorp- 
tion are also encountered the permea- 
tion membranes hydrogen. sheet 
side and different gas the other 
side. The case wet gas one 
side and wet atmosphere free 
the other side will considered. 
Conditions will assumed such that 
desorption the absorption side and 
absorption the desorption side may 
ignored. 

After some time, stationary state 
will established when the rates 
absorption and desorption are equal. 
Then, with according (25) and 


2 V (H:2) 
This gives 

and the rate desorption, 


(45) 


the stationary state. 
the case dilute solution 


instead moist gas, the results ar- 
rived for moist gas may taken 
over, merely replacing (H:) (H:SO,) 
and giving new values the constants. 

The values and are not 
changed. The value changed 


The value different since there 
equilibrium adsorbed H:O with 
liquid H:O. The desorption 
has the same activation energy, but the 
adsorption now has activation energy 
10.6 kcal/mol, the heat vaporiza- 
tion liquid water. The difference, 5.9 
kcal/mol, the apparent activation 
energy associated with the new equi- 
librium constant. the possibility 
desorption from crystalline hydroxide 
again admitted, this value may re- 


Comparison With Observations 

The purpose this section check 
the premises, which the deductions 
the preceding section were based, 
their validity under ordinary experi- 
mental conditions. order so, 
may appropriate start out sum- 
marizing those premises. 

the treatment absorption, de- 
sorption assumed occur simultane- 
ously. The distribution atoms 
the metal, whether uniform not, 
irrelevant long the concentration 
close the surface low enough 
make desorption negligible. This as- 
sumption valid for small values 
and the larger the diffusion constant 
the larger the range 

form distribution the metal has 
been assumed. Since, equilibriurn, the 
net rate the surface processes (ab- 
sorption and desorption) zero, this 
assumption valid for any value the 

the treatment desorption and 
enough and the surface processes slow 
enough maintain almost uniform dis- 
tribution the metal. This as- 
sumption valid for sufficiently thin 
specimens. The and the slower 
the surface processes, the larger the 
range for which valid. 

particular interest the range 
for which this assumption valid 
under ordinary conditions. 

The rate constant assumed 
associated with zero activation energy. 
This assumption does not affect the 
validity the formulae containing ke. 
observed activation energies. 

The formula 


known Sievert’s law and was con- 
pheres pressure. According 
formula (40), the apparent activation 
energy associated with the solubility 


for adsorbed and may reduced 
hydroxide, this statement can given: 


6.75 8.25 kcal/mol 
(48) 
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Observed values are 6.7 kcal/mol for 
the solubility solid and 8.0 kcal 
liquid The activation energy for 
the range where the removal 
6.87 Hence, within the ex- 
migration atoms the metal are 
associated with zero activation energy. 

The formula (25) for adsorption may 
written 

AE 


const, 


(49) 
with 
(50) 


That {H} proportional has 
been found number investigators, 
e.g., Darken and Smith,” for absorption 
from dilute solution. 

Activation energies for absorption 
from the range formula (50) 
have been reported number 
investigators, e.g. 14.6 kcal/mol for ab- 
sorption Pyrex glass,” 14.0% and 
kcal/mol for absorption Cu, 
kcal/mol for adsorption catalyst,” 
and 16.1 kcal/mol for adsorption 
Since the activation energy 
that for desorption en- 
countered many instances where this 
process rate-determining, not only 
connection with absorption hydrogen 
metals. the other hand, the ac- 
tivation energy for absorption may 
differ from formula (50) because another 
mechanism operative, Thus, the ob- 
served activation energy may that 
fer the reduction oxide the 
metal. This may expected apply 
permeation measurements when 
membrane exposed one side 
and oxidizing atmosphere the 
other side. Permeation measurements 
therefore give ambiguous check 
the activation energy. Values observed 
are 16.5, 17.0, and 15.3 kcal/mol for the 
permeation Fe-Mo alloys 0.98, 8.36, 
and 10.36 percent Mo, respectively,” and 
17.4 kcal/mol for the permeation Cu.” 

the rate absorption are scarce. 
The data Darken and Smith” indi- 


cate proportionality agreement 


with formula (25). Recently pertinent 
data were presented Butler and 
The experimental set was 
similar that Aten and 
Fischer and and Bagotskaya 
and steel membrane ex- 
posed solution one side 
and solution the other 
side. The potential the dichromate 
side recorded. When the potential has 
reached constant value the absence 
the acid added and the 
potential change with time recorded. The 
time elapsed between addition acid 
and change potential was found 
the membrane. this experiment the 
dichromate side the membrane was 
originally covered with oxide. Thus 
had the potential. The permeating 
combines with the and changes the 
potential that and eventually 
that The change potential 
occurs when the concentration 
the dichromate side has reached cer- 
tain level {H}o. Inserting for {H} 
(49) shews that proportional 
agreement with observation. 
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The rate permeation frequently 


that few investigators give data sup- 
port this view. seems based 
mainly the results Lewkonja and 
Baukloh.* These investigators charged 
with gas the range 700-1000 and 
measured the volume gas the 
desorption side. The data were not 
analyzed published and indicate that 


the rate proportional 800 


absorbed the higher temperature 
geneous gas phase reaction. This 


would make the rate proportional 


Unfortunately, the dependence 
the pressure was not determined. 
lower temperatures, the heterogeneous 
formation should predominate and 


€ 


The same argument applicable 
electrolytic charging with hydrogen, 
which equivalent the homogeneous 
formation atoms. Aten and 
found with electrolytic charging that the 
rate permeation was not linear func- 


tion Heath,” also charging elec- 
trolytically, found linear relation with 


for only; for thick mem- 
branes the curve given looks 
more like linear function 


electrolytic charging, additional phe- 
nomena may occur since not only 
formed the surface. 

Desorption rate measurements are 
scarce. Andrews, made exten- 
sive study desorption rates 400 
1100 from steel immersed molten 
salt molten lead. The formula (32) 
would expected apply those 
conditions, Actually combination 
exponential decay and one the form 
(34) was found fit the 
Clearly, formula the form (29) may 
tions depending the ranges the 
variables and the values the rate 
and equilibrium constants. 

Formula (32) gives desorption rates 
which decrease with increasing tempera- 
ture. The initial rate according (32) 


where 
AE 
(52) 


and 16.5 kcal/mol slightly less. 
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Eisenkolb and found that the 
time for complete evolution from 
charged austenitic steel was increased 
from hour room temperature 
hours raising the temperature 140 
This indicates smaller value AE, 
however. 

Desorption rate has 
been reported Bénard and 
for foils oxidizing solution and 
Andrew, et. for comparatively 
thick specimens (134-inch diameter) 
3.4 percent chromium steel immersed 
molten lead 700 Both and 
form hydrides. The desorption for- 
mulae are therefore not applicable 
those cases. However, important 
conclusion may drawn 
observations. 

constant rate desorption, inde- 
the metal, indicates constant concen- 
tration the surface and rapid 
enough diffusion the metal 
maintain that concentration. the ex- 
periment Bénard and Albert,” the 
foil was charged far above the hydride 
composition. the experiment An- 
drew, et. conceivable that chro- 
mium hydride was formed spots 
the surface and that desorption occurred 
via that hydride. both cases the dif- 
fusion the metal was rapid 
enough reform the compound the 
rate was decomposed desorption. 

These results, whatever interpretation 
given the details the mechanism, 
show conclusively that the rate diffu- 
sion was high enough not affect the 
rate desorption under these experi- 
mental conditions. 


Conclusions 

Desorption accelerated water. 
Thus, steel gives off its hydrogen much 
more rapidly when immersed water 
than when held air. Hydrogen 
more rapidly absorbed from moist than 
from dry gas. Similarly, absorption 
from acid solutions accelerated 
and other additions the 
solution. 

Additions the source hydrogen 
cannot expected affect the rate 
diffusion the interior the 
metal. They can affect only the surface 
processes which atoms are sup- 
plied removed from the surface 
the metal. Therefore, under ordinary ex- 
perimental conditions, particularly the 
absence such catalysts, these surface 
processes are slow. 

follows from these qualitative ob- 
servations and from the desorption 
experiments referred that, under ordi- 
nary experimental conditions, 
ticularly under the conditions considered 
this paper, diffusion the metal 
rapid compared the surface processes. 
The distribution the metal dur- 
ing absorption and desorption can 
least thickness. 

Furthermore, comparing the formulae 


Any discussions this article not published above 


will appear the June, 1959 issue 


derived for absorption, solubility, 
permeation with observations, agreement 
gas pressure, time, thickness th: 
specimen, and temperature. 

the observed activation energies 

within the experimental accuracy, wit 

those calculated. Within the experimentz 

metal associated with zero activatio: 
energy. 


Since this paper was 
early 1956, Hudson have re- 
ported particularly pertinent experi- 
mental investigations the role water 
the desorption hydrogen from 
steel, particular, empirical 
the forms (32) and (34) were derivec 
from the data for dried and moist at- 
mospheres, respectively. 
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Evaluation Refinery Corrosion Inhibitors* 


Introduction 


inhibitors suppress in- 

ternal corrosion pipelines, proc- 
ess units and tankage has wide- 
spread. The total cost 
the oil-refining industry approaching 
$300,000,000 annually. This cost would 
considerably higher inhibitors were 
not used control corrosion rates 
critical refinery equipment. Unfortu- 
nately, inhibitors vary widely their 
efficiency and their response dif- 
ferent process conditions. Because the 
savings which can achieved de- 
creasing the cost corrosion, the proper 
inhibitor must chosen for each appli- 
cation. Selection the best compounds 
from the large number inhibitors 
commercially available difficult task. 
Also, money spent develop new cor- 
rosion inhibitors probably not worth- 
while unless can shown that the 
compounds use present are either 
too expensive not effective given 
application. 

This paper presents discussion 
differences the behavior refinery 
corrosion inhibitors under various proc- 
ess conditions. New laboratory testing 
procedures are described that can 
used evaluate the response inhib- 
itors specific operating variables. 


Laboratory Refinery Evaluations 

Table shows some comparative cor- 
rosion rates obtained the laboratory 
with five different organic corrosion in- 
hibitors. Both water-soluble 
soluble types are included. The data 
were obtained the electrical resistance 
method using equipment described pre- 
viously for evaluating rust inhibitors for 
petroleum products.’ The corrosive me- 
dium these tests was stirred mixture 
virgin light naphtha plus percent 
aqueous phase containing per- 
cent ammonium chloride. The water 
phase was adjusted various levels 
with ammonia and hydrochloric acid. 
The inhibitors were added concen- 
tration ppm based the total 
and are not effective, inhibitor 
provides moderate protection, 
the corrosion rate with 
inhibitor much higher. Under these 
severe conditions, compound again 
value, and compound only 
partially effective. Inhibitor however, 
now seems less useful than inhibitor 
contrast this behavior, inhibitor 
effective under acid conditions, 
any, corrosion protection, The effective- 
ness compound not disturbed 
changes. This inhibitor produces 
excellent results both low and high pH. 

These data show that corrosion 
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inhibitors respond differently 
changes the test environment. 
Table are shown corrosion rates, 
measured while using three these 
same inhibitors, the overhead system 
crude distillation The data 
were obtained with electrical resist- 
and inhibitor concentration 
ppm. These results agree with the lab- 
inhibitor this location would 
wasted. Inhibitor although offers 
some protection, would much less 
effective than compound this case, 
inhibitor intermediate cost be- 
tween the other two. Further tests 
showed that because inhibitor 
effective, can used lower con- 
centrations than inhibitor Hence, 
the compounds tested, inhibitor 
both the most effective and the most 
economical material for use this loca- 
tion. 

Refinery corrosion inhibitors should 
chosen carefully match each ap- 
plication. Ideally, this should done 
evaluating series compounds 
under actual plant conditions. However, 
many independent, noncontrollable vari- 
ables influence the course normal 
plant operations. These variables make 
quantitative testing under refinery con- 
ditions difficult, time-consuming and 
expensive operation. Some type lab- 
oratory screening procedure required 
select the most effective inhibitors 
for field trials. 


Abstract 


Since reproduction refinery operating 
conditions the difficult, 
most laboratory testing of refi nery corro- 
sion inhibitors has been unreliable. For 
this reason, inhibitors for refinery use 
have been selected mainly the basis 
qualitative field trials. Such tests are ex- 
pensive and subject many independent, 
noncontrollable variables. 

Frequently, failures of corrosion inhibi- 
tors to provide satisfactory protection can 
be traced to specific environmental factors. 
Therefore, new laboratory tests for com- 
mercial refinery corrosion inhibitors have 
been developed simulate closely cer- 
tain features actual field conditions. 
Inhibitors have been evaluated for corro- 
sion protection in light naphtha con- 
densers, distillation towers, special high 
temperature locations, high velocity serv- 
ice, narrow crevices, and for impingement 
attack. 

These test data show conclusively that 
single corrosion inhibitor can ex- 
pected to provide satisfactory corrosion 
protection in all refinery locations. Plant 
results obtained with electrical resistance 
corrosion probes corroborate the labora- 
tory evaluations. 5.8.1 


Laboratory evaluations refinery in- 
hibitors have been open question 
the past because the difficulties in- 
volved reproducing actual refinery 
conditions under which inhibitor 
must provide protection. There is, how- 
ever, alternative approach this 
problem. Table lists some the im- 
portant factors which can influence the 
performance corrosion inhibitor 
plant situation. The corrosion rate 
given location depends upon both the 
composition the stream and the op- 
erating conditions the unit ques- 


TABLE 1—Effects Corrosion Rate 
Laboratory Data* 


Corrosion Rate 


Inhibitor pH =8 pH =3 
0.060 0.480 


* Test conditions: Virgin light naphtha plus 
1% aqueous NH4Ci—HCl. 

Rapid stirring, air present. 

T = 104 F. Data obtained by the electrical resist- 
ance method. Inhibitor concentration = 20 ppm. 


TABLE Inhibitors Corro- 
sion Rates Crude Distillation Overhead 
System* 


Corrosion Rate 


Inhibitor 


* Inhibitor concentration = 20 ppm; pH: =: 8 
Data obtained with electrical 
rosion probes. 
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Figure 1—Effect concentration corrosion inhibitor performance the presence hydrogen sulfide. 
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Figure 2—Effect of concentration on corrosion inhibitor performance in the presence of air. 


tion. Each these overall variables can 
separated into number single 
factors shown Table Labora- 
tory tests have been devised measure 
quantitatively the response corrosion 
inhibitors each these variables 
under standardized conditions. These 
conditions not necessarily represent 
the actual operations any particular 
refinery unit. The results these tests, 
however, provide reliable scale for 
relative comparisons many different 
inhibitors. The data can used 
select those compounds for field trials 
most likely succeed given situa- 
tion and shorten the time required 
for these trials, 


Composition Variables 


Hydrogen Sulfide 


The composition variables listed 
Table can evaluated readily 
electrical resistance assembly the type 
described Figure sum- 
marizes the results series dynamic 
tests conducted with this apparatus 
measure the performance inhibitors 
hydrogen sulfide atmosphere. 
this graph, the corrosion rate shown 
the vertical axis, and the shaded bars 
indicate rates obtained with increasing 
concentrations various inhibitors, 
parts per million. The white bar the 
left represents the corrosion rate with 
inhibitor. The corrosive medium 
these tests was stirred mixture 
virgin light naphtha and tap water ad- 
consisted one-half volume percent 


hydrogen sulfide hydrogen. All data 
were collected 104 

The five inhibitors shown Figure be- 
have differently this environment, 
every case, the corrosion rates low in- 
hibitor concentrations are higher than those 
with inhibitor. The amount 
crease corrosion rate and the inhibitor 
concentration required establish nor- 
mal protection vary with each material. 
The more powerful inhibitors 
environment, such compounds and 
become effective concentrations 
between and ppm. With other in- 
hibitors, the initial rise corrosion rate 
more pronounced, and additions 
greater than ppm are required 
establish positive protection. This corro- 
sion rate increase low inhibitor con- 
centrations actually has been observed 
the field with the aid electrical 
resistance corrosion probes. Care should 
taken all applications that enough 
inhibitor used avoid this problem. 
About ppm should sufficient most 
cases. 


Oxygen 

the presence hydrogen sulfide, 
all the inhibitors tested show good re- 
sults, their concentration 
ciently high. the presence air, 
however, this not the case. Figure 
presents series test data obtained 
with air substituted for the hydrogen 
sulfide hydrogen atmosphere. All 
corrosion rates are lower this case, 
and the initial rise corrosion rate 
less apparent. However, the presence 
air, some inhibitors, such pro- 


Figure 3—Pressurized laboratory test reactor, 


TABLE 3—Major Environmental Factors In- 
Refinery Corrosion Rates 


Composition Variables Operation Variables 


General composition.. ....| Temperature 
Presence of oxygen....... Fluid velocity 
Presence of hydrogen 

Impingement 
pH of aqueous phase..... Presence of crevices 


Metal composition 


vide corrosion protection concen- 
trations ppm, whereas com- 
pounds and for example, are 
effective ppm. These differences 
behavior, caused the presence 
oxygen, are important. Some manufac- 
turers claim that small concentrations 
effectiveness their compounds. Lab- 
oratory tests have shown that the results 
Figure remain valid even when the 
oxygen concentration the atmosphere 
volume. Analyses indicate that the over- 
head stream crude distillation tower 
may contain from ppm dis- 
solved oxygen, naphtha held tank- 
age for several days without nitrogen 
blanket, the oxygen concentration may 
rise over Thus, appears 
that inhibitors which show extreme sen- 
sitivity oxygen, seen Figure 
should not applied whenever any 
possibility exists that even low concen- 
trations dissolved oxygen may 
present. 


Operation Variables 


Temperature and Velocity 


Temperature limitations probably cause 
more difficulty laboratory testing 
inhibitors than any other single factor. 
For aqueous condensate type corrosion 
below about 200 the same apparatus 
described above for the study composi- 
tion variables satisfactory. higher 
temperatures, however, the problem more 
complicated. Usually, high temperature 
corrosion associated with some other 
operation variable, such high flow ve- 
locity, impingement, reflux conditions. 
Hence, any high temperature laboratory 
test apparatus should permit simultaneous 
and independent control many vari- 
ables possible that inhibitor response 
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each variable singly and combination 
with others can determined. 

surized laboratory reactor designed for 
variety test conditions. For maximum 
lexibility and corrosion resistance, the 
reaction equipment constructed glass. 
[he heating elements and glass reactor are 
inside metal vacuum jacket 
heat. reflux condenser, 
resistance corrosion probe, 
coupon rack and thermocouples indicate 
temperatures various points the sys- 
tem are inserted through glass joints 
top flange. For velocity tests, ex- 
proof motor mounted above the 
with shaft extending into the 
reactor through specially designed pack- 
ing gland. Corrosion specimens 
mounted directly this shaft. Cooling 
water connections and electrical leads are 
passed through the bottom plate, and the 
entire assembly covered steel bell. 
The reactor then can brought any 
pressure needed reach the desired tem- 
perature, limits 500 psig and 
500 Reducing, oxidizing, inert atmos- 
pheres can used. The instruments 
the control panel indicate pressure, vacuum 
the insulating jacket, heater and stirrer 
wattages, and temperatures the reactor. 
safety control adjusted turn off 
the power temperatures the condenser 
exceed set limit. 


Carbon steel velocity coupons that 
were exposed the pressurized reactor 
are shown Figure The corrosive 
medium these tests was virgin light 
naphtha plus percent deionized water 
nitrogen atmosphere. The tempera- 
ture was 350 and the velocity the 
outer edge the specimen each case 
was 18.8 feet per second. The specimens 
were exposed mixture liquid plus 
entrained vapor. With inhibitor pres- 
sent, corrosion rate 0.025 inches per 
year was observed weight loss. 
addition, general and uniform pitting 
occurred over the entire surface the 
coupon. The leading edges the coupon 
the point highest velocity show 
greater attack than was found other 
portions the surface. 

per million caused definite change 
the type attack which occurred, The 
general corrosion rate was reduced 
about percent, and pitting was con- 
fined the areas lowest velocity, 
those nearest the center. effects 
velocity the leading edges the 
specimen are apparent. The entire sur- 
face covered adherent coat- 
ing magnetite plus organic 
compounds and sulfur the form 
sulfides. Inhibitor showed different 
behavior. the same concentration 
inhibitor compound provided ten- 
fold better protection. General pitting 
was reduced this specimen. However, 
the obvious velocity effect may ac- 
centuated over that found the blank. 
Each these three tests was run twice, 
and the effects shown here were found 
reproducible. Thus, inhibitors 
and respond differently the com- 
bined effects temperature 
locity. The best choice inhibitor for 
field trials will depend upon the relative 
importance these two variables the 
unit protected. 


Impingement Attack 


particularly severe form corro- 
sion has been observed refinery heat 
exchangers which partially vaporized 
streams corrosive fluids strike hot 
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INHIBITOR 


0.025 IPY 


edge the specimen was 18.8 feet per second. 


Heating 
Elements 


INHIBITOR 
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Figure 4—Effect inhibitors high velocity corrosion 350 Test solution: virgin light naphtha plus 
percent deionized water. The atmosphere was nitrogen; the temperature 350 Velocity the outer 


INHIBITOR 
ppm 
IPY 


orrosion rates were measured by weight loss. 


Jet Chamber 


Nozzle 
Powdered 
Heating Corrosive 
Elements Oil Preheater 
Condenser 
Pump Corrosive 
Oil Sample 


Figure 5—Laboratory equipment for impingement corrosion tests. 


exchanger tubes high velocities 
reboilers. This impingement attack 
sensitive temperature, velocity, ge- 
ometry the system and, course, 
shown laboratory equipment designed 
for study this effect under controlled 
conditions. simulate the 
changer, 20W base oil pumped from 
bath through furnace the speci- 
men tube jet chamber From the 
oil flows back bath Furnace 
consists stainless steel tubing wound 
around electrical heating elements and 
imbedded cast aluminum. The corro- 
sive oil under test pumped from bath 
through preheater jet nozzle. 
The stream then strikes the specimen 
tube 90-degree angle. Leaving the 
jet chamber, the corrosive stream con- 


densed and returned supply bath 
With this equipment, the temperature 
the specimen tube, the corrosive jet 
and the jet velocity can varied in- 
dependently cover wide range 
test conditions. 

Table presents some typical results 
which were obtained with this equip- 
ment using oil containing unsaturated 
hydrocarbons from 
process. Small amounts corrosive 
organic acids and peroxides were formed 
age. oil temperature 270 
the corrosion rate was sensitive the 
temperature the steel specimen tube. 
Neutralization the stream with potas- 
sium hydroxide reduced the corrosion 
rate. Inhibitor ppm was not 
useful. Other inhibitors might have pro- 
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STEEL 
SPECIMEN 


TEFLON 


SIDE 


ENO 
view 


Figure 6—Specimen mount for studying crevice 
corrosion in inhibited acids. Crevice corrosion is 
most pronounced at point A. 


vided good corrosion protection this 
stream. this particular case, however, 
was feasible eliminate the diffi- 
preventing oxidation the Figure 7—Effects additives crevice corrosion Type 410 stainless steel refinery cleaning acid 


140 F. The additives used on the specimens were from left to right: lead acetate, stannous chloride, blan\ 
stream. and chloroplatinic acid. 


Crevice Corrosion 


Another example special type 
corrosion which requires spe- 
cific laboratory test procedure 


TABLE 4—Factors Attack Corrosive Oils Steel 


Specimen 
problem crevice corrosion. Crevice Oil Temp. Tube Temp. Corrosion, 
corrosion occurs narrow spaces such Treatment Degrees Degrees Rate, IPY 


those found valve bodies where 
300 0.9 
normal circulation not sufficient 500 4.0 


prevent accumulation corrosion prod- 570 6.5 


lem at low temperatures is shown in Stream plus 40 ppm Inhibitor H...................... | 270 
Figure thin slot cut into half- 
round Teflon block, shown, and two 
thin sheets metal are forced into this 
slot, thus creating narrow crevice. The the attack only inhibitors were evaluated for many dif- 
entire assembly then submerged percent. Unfortunately, when these types service. single inhib- 
beaker containing the corrosive liquid were repeated the presence was found useful under all 
under test. This beaker can heated, hydrogen sulfide, the tin and lead salts conditions. Inhibitors were found 
stirred shaken simulate any desired beneficial effects. Although these vary markedly behavior different 
flow conditions. salts might helpful acid cleaning environments. With the aid standard- 
Figure shows specimens Type units, they would not useful tests such those described above, 
stainless steel tested with this apparatus Older equipment where sulfidic most likely corrosion inhibitors can 


commercial inhibited refinery clean- present. Hydrogen sulfide probably selected quickly for further labora- 
ing acid 140 all these tests, precipitating the lead and tin testing under more closely simu- 
attack the main surface the sulfides. lated plant conditions for actual field 
was negligible. However, the speci- trials. 

men marked Blank, the outline the Summary References 

crevice which deep corrosion occurred Extensive laboratory work has shown Freedman, Dravnieks, Hirsch- 
clearly visible. The corrosion inhibitor that difficult reproduce the Cheney. Selection Rust 
incorporated the cleaning acid laboratory complete set refinery Requirements. 


unable prevent this attack. However, operating conditions. Single variables, Freedman, 


0.3 percent additions lead acetate independently combination Dravnieks. Corrosion Monitoring Refinery 
stannous chloride eliminated crevice cor- other variables, can studied Equipment. Corrosion, 14, No. 175t (1958). 


the other hand, actually accelerated using this approach, refinery corrosion leum Processing, 11, No. 11, (1956). 


Any discussions this article not published above 
will appear the June, 1959 issue 
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Corrosion Refinery Equipment During Acid 


Introduction 


USE inhibited hydrochloric 

acid for the removal fouling de- 
posits from refinery equipment has 
zained considerable prominence during 
the past few years, Initially, acid clean- 
ing was employed primarily trouble 
shooting basis for problem jobs. Now, 
more equipment being scheduled for 
acid cleaning routine maintenance 
basis. this equipment 
repeated exposures acid cleaning, 
becomes imperative that the possibili- 
ties for corrosion are understood and 
that appropriate corrosion control meas- 
ures are taken. Recently, several cases 
unexpected corrosion have been experi- 
enced refinery equipment during acid 
cleaning. Some these cases were easy 
diagnose while others posed complex 
for corrosion, series laboratory 
studies have been undertaken. Although 
this work not complete, the data are 
presented here attempt put cor- 
rosion during acid cleaning the 
proper perspective. far possible, 
attempts have been made correlate 
these laboratory results with actual cor- 
rosion encountered refinery equip- 
ment. 

The acid used for cleaning equipment 
must inhibited prevent corrosion 
the metal. the same time, the in- 
hibitor must not prevent the dissolution 
the scale. wetting agent needed 
counter any oil film that may 
present and permit the intimate con- 
tact between acid and scales. Figure 
shows typical hookup for acid 
cleaning job. Water and steam are 
mixed together header produce 
hot water which subsequently mixed 
with acid. Samples are collected and 
titrated determine the concentration. 
Both temperature and concentration are 
controlled adjusting the proper valve. 
return line (not shown) from the 
side the pump, and circulation 
established when desired through the 
solvent input line. This system heat- 
ing preferred over heating coils be- 
cause the coils would have high metal 
skin temperature and would suffer ac- 
celerated corrosion. 


Typical Cases Corrosion During 
Acid Cleaning 


One the problems frequently en- 
countered the copper plating steel 
the system after cleaning ad- 
miralty bundles heat exchangers. 
Iron will displace copper ions solu- 
tion because their relative position 
the electromotive series. Consequently, 
any copper dissolved the system, 
either from corrosion solution cor- 
rosion product, tends plate out when 
contact made with steel pumps and 
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acid tanks. Generally, this plating 
most severe when circulation-type 
fill-and-soak method. During circulation 
any ferrous and cuprous ions can 
oxidized ferric and cupric respectively. 
These ions can react with the metal 
oxidation-reduction reaction against 
which most inhibitors are not effective. 


CONCENTRATED 


SOLVENT INPUT LINE 


(STEAM 


MIXING HEADER 


Abstract 


Economical, effective and relatively easy 
handle, hydrochloric acid 
widely used as a solvent for chemica 
cleaning of refinery equipment. Inhibitors 
must be added to retard corrosion dur- 
ing cleaning operations, but these in- 
hibitors must not prevent dissolution of 
the scale removed. Practical tem- 
erature ranges for cleaning are given. 
corrosion rate increases exponen- 
tially with temperature and with acid 
concentration. The corrosion rates of 
various metals in 5 percent inhibited 
hydrochloric acid are given. The influ- 
ence of inhibitors on the rates of dis- 
solution of iron oxides and sulfides are 
shown. 

Four typical cases corrosion occur- 
ring during acid cleaning are discussed 
with special safety precautions that 
should observed during cleaning op- 
erations. The influence 
present substances such hydrogen 
fide shown increase the rate 
corrosion. 5.9.2 


The best preventive use the fill- 
and-soak method, circulating only 
enough keep fresh acid contact 
with the scales. This practical since 
most the deposits encountered ad- 
miralty equipment are water scales with 
high solubility acid. Some advantage 
has reportedly been gained ground- 
ing the pumping equipment the sys- 
tem being cleaned 

The good results achieved ground- 
ing may have been accompanied also 
reduced circulation. Velocity effects 
through nozzles, etc., are pronounced 
when high concentration ferric 
chloride present. one case, during 
acid cleaning sweating oven con- 
taining steel tubes, leak developed 
caused dirt underneath manway 
gasket. the time the leak was dis- 
covered, tightening the manway cover 
plates was ineffective. Within short 
time the hole had enlarged the size 
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Figure acid cleaning hookup. 
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Figure 4—Crevice corrosion on plugs from furnace 
header. The line on the seating surface indicates 
the depth the corrosion the crevice. 


man’s thumb, and the entire con- 
tents the vessel had dumped. The 
actual concentration ferric iron was 
not determined, but conditions were 
known favorable the formation 
high ferric iron. Under these conditions 
the pipe and fittings used circulate 
the acid will have relatively short life. 

One the more severe cases cor- 
rosion occurred when excessive temper- 
atures were attained during acid clean- 
ing isobutane tower. this case, 
the tower was injected with 
steam two places heat the solu- 
tion and thus obtain better solubil- 
ity. Half the required acid was cas- 
caded the tower with steam being 
added. The construction the tower 
and the amount acid were such that 
most the acid collected the bottom 
the tower with only nominal 
amount the trays. The steaming was 
then continued for two hours while more 
acid was being obtained. During this 
time temperatures over 300 were 
recorded the tower. The tower was 
hours. The temperatures dropped rap- 
idly when circulation was resumed, but 
the harm probably was already done. 
Even during circulation the temperature 
rose over 180 which higher than 
recommended although not normally 
considered serious. 

When the tower was opened, severe 
corrosion was noted bolts, studs and 
clips. Corrosion, normal, was more 
severe the highly stressed areas, such 
the sheared edges clips and bolt 
threads. Major replacement 
sary this tower primarily because 


572t 


Figure 2—Graphitic corrosion cast iron caused excessive temperatures, 
Note depth of graphitic attack. 


uncontrolled steaming 
excessive temperatures. Heating in- 
jecting steam equipment 
closely controlled prevent localized 
overheating. 

Vapor Recovery Unit was opened prior 
caustic wash and acid treatment. 
Corrosion test coupons cast iron and 
carbon steel were placed the tenth 
and nineteenth trays corresponding 
roughly 1/3 and 2/3 the tower height. 
After acidizing, the strips were removed 
and examined for deterioration. The cast 
iron showed evidence severe graphiti- 
zation depth .04 inch shown 
Figure The coupon the lower 
portion was more severely graphitized 
than the one nearer the top. Severe pit- 
ting depth 0.10 inch was found 
the carbon steel coupon exposed 
the lower third the tower with the 
second strip relatively unaffected. These 
carbon steel coupons are shown Fig- 
ure The corrosion thus appeared 
more severe the lower pertion 
the tower. significant that the 
tower was clean the upper levels with 
relatively heavy scaling the lower 
portion. 

The unit was first caustic-washed and 
steamed maintain temperature. The 
tower temperature was reported 
approximately 170 when filling was 
started with 7.5 percent acid 140 
These temperatures are higher than the 
125 maximum recommended for cast 
iron. Higher temperatures were used, 
however, because willingness 
sacrifice little corrosion order 
gain increased solubility the higher 
temperatures. These higher tempera- 
tures are considered largely responsible 
fer the high degree graphitic 
sion shown the samples, Examina- 
tion the cast iron ceupons revealed 
that they contained small percentage 
combined carbon. Cast irons this 
type general have greater tendency 
undergo graphitic corrosion than the 
types containing higher proportions 
combined carbon. Although the cast 
iron internals did not show the same 
degree graphitic corrosion 
test coupons, the towers have 
history graphitic attack. further 
study the treating method war- 
ranted. 

The fact that the upper steel coupon 
was relatively unaffected indicates that 
the acid was well inhibited. The pitted 


Figure 3—Pitting of carbon steel coupons caused by corrosion product con- 


tamination. 


condition believed due the acceler- 
ating influences and ferric iron 
which were generated from the corro- 
sion products the tower. Deposit 
analysis from unexposed bubble cap 
contained high percentages and 
both which will form ferric 
iron upon Galvanic coupling 
between other scale deposits, such 
FeS: may also have been contributing 
factor. Attack was confined the lower 
portion the tower because fouling 
was limited this area. Concentra- 
tion the tower dropped quickly 
percent which indicates the dissolution 
large quantities deposit. The tower 
was then drained and filled half full 
with fresh percent Only the 
second fill was there check for ferric 
iron. This tower was filled 
bottom which means that check 
could made until tower was filled 
which required three During this 
period accelerated corrosion caused 
the influence corrosion products, 
proceeded unchecked the lower por- 
tion the tower. 

Whenever possibilities for ferric iron 
formation exist, towers and other equip- 
ment should filled from the top 
odic check for ferric iron. acid 
cascaded over the trays from the top 
tower, spent contaminated acid 
can disposed continuously the 
bottom, thus protecting the tower and 
internals from corrosion due cerro- 
sion product 

More complex problems 
posed the etching furnace headers 
and plugs found after catalytic re- 
former furnace was pickled prior 
going stream. The the 
plugs shown Figure Corrosion 
the crevice the seating surfaces 
was severe that they leaked test. 
Several theories have been advanced 
account for this corrosion; among them 
are preferential corrosion the highly 
stressed area presented the machined 
surfaces and galvanic action between 
the metal and the graphite used the 
sealing compound. more probable 
mechanism, however, appears the 
retention low chloride solution 
the crevice which was not removed 
during flushing operations. This solu- 
tion then initiated concentration cell 
type action which caused the resulting 
damage. 

What may similar type reaction 
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Figure 5—Pitting furnace tube caused incomplete flushing. 


occurred another reformer furnace 
after repeated acid cleanings for scale 
removal. Deep scattered pits shown 
Figure were found inside the tubes 
after tube failed hydrostatic test. 
The unreacted pieces scale presuma- 
bly remained the tube after cleaning 
which could have retained enough chlo- 
rides and acidic constituents initiate 
similar concentration cell mechanism. 
One suggested answer for this problem 
would flush adequately prac- 
tical and then keep the furnace filled 
with alkaline solution until ready 
resume operations. Plug crevice corro- 
sion can avoided using plug 
sealer which would unaffected 
the cleaning solutions. 

Another possibility would apply 
low temperature coating such coal tar 
enamel the plug which would have 
replaced with high temperature sealer 
before the furnace was placed opera- 
tion. This problem has not been re- 
solved. Tests the laboratory have 
reproduced this crevice effect. Rapid 
agitation appears eliminate corrosion 
perhaps because agitation keeps supply- 
ing fresh inhibitor the surfaces which 
could become depleted the crevice. 
Further research warranted over- 
come this liability acid cleaning. New 
and better inhibiters the application 
different cleaning materials may pro- 
vide answers the problem. 

When stainless steels are present 
the system, extreme care must exer- 
cised insure that the flushing opera- 
tion complete. Many inhibitors will 
give low corrosion rate the aus- 
tenitic steels, but there assurance 
that there will chloride ions re- 
maining crevices the system. These 
ions can cause loss passivity and ini- 
tiate pitting they may cause stress 
cracking with disastrous re- 
sults. 

Type 410 stainless containing per- 
cent chrome appears exceptionally 
susceptible pitting type attack. This 
can explained since Type 410 
the border line passivity. The chlo- 
rides present can easily shift the passiv- 
ity creating small anodic areas over the 
surface the metal which cause local- 
ized cell action and resultant pitting. 
Pitting can very pronounced 
highly stressed machined edges. Fig- 
ure shows gates from Type 410 stain- 
less trimmed steel valves from solvent 
extraction unit. Tests had indicated that 
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Figure 6—Corroded gates from Type 41C trimmed steel valves after acid clean- 
ing. Corrosion on the sealing surfaces prevents complete shut-off. 


TABLE 1—Corrosion Rates Percent Inhibited Hydrochloric Acid 


METAL 
Low Carbon Steel. . 


Corrosion Rate, 
Mils Per Hour 


5 Chrome—}4 Moly 


0.040 


0.031 
0.015 


* Crane Co. alloy similar to Type 410 stainless. 


TABLE Galvanic Coupling Upon Corrosion Inhibited Hydrochloric Acid 


Galvanic Couple 


Stainless Type 304 eben 


Low-Carbon Steel.. 


Exalloy*... 


Corrosion Rate, Mils Per Hour 


Potential 
Coupled Separate Measurement 

0.026 Anodic 

0.011 Cathodic 
0.026 Anodic 

0.0007 0.0012 Cathodic 

0.035 0.040 Cathodic 
0.021 0.015 Anodic 


* Crane Co. alloy similar to Type 410 stainless steel. 


the corrosion loss should small 
spite the recognized tendency 
wards pitting during acid cleaning. 
After cleaning, those valves were un- 
damaged open during the 
cleaning cycle. The gates the closed 
valves, however, showed 
sion the crevice presented the 
gates contact with the seats. Several 
the valves required replacement. All 
Type 410 stainless should removed 
system before cleaning prac- 
tica 


Safety Precautions 


Certain recognized safety procedures 
should followed any chemical 
cleaning job. One important thing 
remember that hydrogen liberated 
the cleaning reaction. Under certain 
conditions possible confine the 
hydrogen and set explosive mix- 
ture the vessel. Having the vessels 
properly vented permits the escape 
most the hydrogen from the system 
fast formed. The only sure 
way eliminate the possibility 
explosive mixture maintain inert 
gas blanket the vessel all times. 
This normally not considered practi- 
cal, however, and effort directed to- 


wards avoiding any action which could 
possibly ignite explosive mixture. 
Smoking, burning welding around 
any equipment containing cleaning acid 
strictly forbidden. 

Many the deposits encountered 
the refinery contain sulfide scales which 
will liberate large quantities 
This volume particularly large when 
reformer furnaces are pickled. Refinery 
workers are aware the dangers 
hydrogen sulfide. Unless provision 
made get rid the gas, workrnen 
may overcome it. Twenty parts 
per million the accepted limit for 
eight-hour exposure. There are several 
ways dispose this gas, the most 
common one discharge into the 
blowdown system the system vents 
high enough the air. wind 
exists and large quantities are liberated, 
however, there the possibility the 
heavier-than-air gas settling around the 
equipment. Some people prefer scrub 
out the gas with caustic solution. This 
done bubbling the gas through 
drum containing caustic. The resultant 
sodium sulfide must dumped where 
later react regenerate the 
hydrogen sulfide. Another possibility 
burn the gas furnace form 
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tion the electromotive series. 

normally will not corrode 

hydrochloric acid unless other contami 

nants are present. itor 

Warning should given here and 


the use hydrochloric acid for clean- perat 


ing aluminum and other light metals. pears 
Most inhibitors are ineffective and caus: 
rapid corrosion. Care should exer 
cised assure that aluminum gas 
cleaned. 
Other complications sometimes 
because the use dissimilar metal: cast 
and the possible galvanic effects when tory 
coupled together such good electro- erat 
lyte hydrochloric acid. Table gives 
the metals common use. The more 
anodic metal will corrode faster when 
coupled with cathodic material than 
when metals are placed separately 
acid. When coupled, the anodic metal 
will corrode faster and afford some pro- cale 
tection the other. The rate corro- 
sion will vary approximately the 
relative areas, and the coupling effect 
TEMPERATURE becomes significant only when the anodic 
150 160 material small relation the 
cathode. The time factor, course, 
important. most cases the treatment 


2.9 time relatively short. Even the cor- cent: 


perc eaning sma 
Figure 7—Effect temperature corrosion rates carbon steel five-percent inhibited and non- Severe corrosion has been experienced ter 
inhibited HCI. free machining bolts equipment expo 
being acid cleaned. Free machining steel 
TABLE 3—Comparison Corrosion Rates Low Carbon Steel and Free Machining ordinary steel. This inhil 
Inhibited Hydrochloric Acids iron sulfide the grain boundaries and hibit 
promotes chip formation machining. inhil 
Table indicates the corrosion rates 
experienced low carbon and free ma- cony 
chining steels various cleaning acids tion 
Concentration Free Acceleration several temperatures. 150 free tion 
ine Steel machining steel was corroded times 
3.75 faster than low carbon steel percent 
Acid tion ratio from 2.3 for acid 106 
Acid ratio increased 5.7 for acid and 
Acid 200 the ratio was 18. The accelera- 
tion ratio for the poorer inhibited acids 
ficie 
‘Acid dropped off the higher temperatures. 
Acid chining steels 200 and this value 
The Effect Temperature 
Temperature plays dual role during the 
sulfur dioxide which toxic but less Variation Corrosion Rates temperature the better the 
dangerous than Between Alloys the scale the acid. The best cleaning inhi 
Other gases may liberated during Various metals will react different job achieved when every effort di- bon 
the cleaning cycle. Deadly hydrogen ways inhibited acid. Variations toward maintaining hot. solu- 
cyanide can liberated units con- constituents like sulfur and phos- typical most chemical 150 
taining cyanide deposits, VRU’s. can have considerable effect however, the corrosion rate inhi 
caustic wash usually employed re- corrosion rate. Severely stressed also increases with temperature. 
move the salt. Arsine and areas, heat affected zones Figure graphically illustrates the 
are other gases which have been even grain size may influence effect temperature several clean- stee 
vent gases from acid cleaning jobs. rate corrosion. For example, Table acids. this graph the logarithm 
Generally, the same precautions for hy- the results rate determinations the corrosion rate plotted versus 
drogen sulfide will also take care the various metals percent inhibited reciprocal the absolute tempera- 
other gases formed. One precaution acid 150 for six hours, ture with degrees fahrenheit also indi- chit 
particularly important because two which would approximate one cleaning cated. The straight-line relationship the 
became violently ill when they ignored Carbon moly steel corrodes ap- the exponential effect tempera- 
it. one should enter any that proximately twice fast low carbon ture the corrosion rate. The selection cau 
has been acid treated until that vessel steel. However, the rate shown, the logarithmic scale also permits solt 
has been properly ventilated remove total corrosion would only 0.5 greater range corrosion rates 
any these gases that may have been per cleaning cycle. The chromium the same graph. the top 
trapped there. common sense proce- also have higher corrosion rate the graph shown the corrosion 
dures are followed, there little danger the low carbon steels. The high rate percent uninhibited acid. Paral- 
any injury caused chemical clean- alloys have very low corrosion lines have been drawn showing the rate 
primarily because their relative posi- for percent, percent and pro 
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percent The commercial 
cleaning acids also percent concen- 
tration have been designated acids 
itor recently cleaning acid 
and appears less sensitive tem- 
than the others. Acid 
poor this respect. The 
upper limit has been 170 for 
temperatures consistent with 
corrosion rates. better in- 
are developed, higher tempera- 
tares can tolerated. Temperatures 
maintained below 125 for 
cast iron. Acid appears from labora- 
tory tests have application tem- 
‘here may other factors, and tests 
this time are not inclusive enough 
warrant this conclusion. 


The Effect Concentration 


Although the more common usage 
requires only percent, some 
cales (e.g. reformer furnace deposit) 
call for percent acid for 
results. Figure shows the effect 
concentration the corrosion rates 
150 and 200 respectively. Again 
log the corrosivity expressed 
mils per hour, might expected, 
‘he corrosion rate increases with con- 
centration. The poorly inhibited acids 
are more sensitive concentration 
changes than the better ones. The bet- 
ter inhibited acids are affected 
exponential fashion but lower level. 
Again acid appears less affected 
variations concentrations, When 
inhibited acids are diluted, acid-in- 
hibitor ratio remains constant while the 
inhibitor concentration the solution 
decreases. Since the inhibitor action 
conveniently expressed plating ac- 
tion the metal surface, excessive dilu- 
tion would mean that there 
ficient inhibitor maintain intact film. 

Most service contractors add enough 
inhibitor provide gallons per 
thousand gallons dilute solution. This 
means that there 
more inhibitor used when dilute solu- 
tions are employed. When inhibited acid 
purchased, imperative that suf- 
ficient inhibitor present maintain 
the desired concentration the solution 
tration will have greater effect 
higher temperatures. This indicated 
the steeper slope the lines the 
200 chart. 

The function the inhibitor pre- 
vent the corrosion the metal, but 
the same time the inhibitor must not 
seriously retard the dissolution the 
scales. shows the percentage 
inhibition the dissolution low car- 
bon steels, iron sulfides and iron oxides 
various inhibited percent acids 
150 These rates are compared non- 
inhibited acid. Although higher per- 
centage inhibition shown for free 
machining steel than for low carbon 
steel, the actual corrosion rate higher 
because the much higher corrosion 
rate non-inhibited acid free ma- 
chining steels. Although Acid gives 
the poorest inhibition attack steel, 
better cleaning compound be- 
cause there less inhibition the dis- 
solution the scale. For example, there 
only percent reduction dissolv- 
ing rate for FeS and percent reduc- 
tion for FeO. the the 
rate attack was increased 170 percent 
probably because superior detergency. 
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0.1 
0.01 


200° 


CONCENTRATION, 


Figure 8—Variation the corrosivity acids with increasing concentration 150 and 200 Broken 
line represents 150 solid line represents 200 


Oxides and Sulfides.* 


Free 
Low C | Machining 


ACID Steel Steel FeS FeS2 FeO 
98.2 99.7 50 (—) 38 12 
98.5 15 (—) 75 10 


Note: (—) sign indicates slight acceleration dissolution. 
the case Acid acceleration dissolution compared with plain percent 


was by 170 percent. 
* All tests at 150 F in 5 percent acid for 2 hours. 


The other acids have better inhibition 
steel but slow the rate which the 
scales will dissolve. This indicates that 
knowledge the scales en- 
countered may influence the selection 
cleaning acids least influence the 
inhibitor and detergent. 
longer contact time may required for 
some deposits the better inhibited 
acids are used. Most companies engaged 
chemical cleaning work provide tech- 
nical service for deposit analysis and 
recommendations concentration, 
temperature and time. 


Influence Commonly Present 
Substances 


Although ferric chloride will greatly 
accelerate the corrosion steel, the 
question arose what other com- 
pounds might have similar effect. 
Cleaning refinery equipment differs 
from water scales and millscale removal 
that large quantities hydrogen 
sulfide are frequently liberated. Some 
nearly always present equip- 
ment that has been contact with hy- 
drocarbons, The rate corrosion in- 
creases when present. Table 
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introducing cleaning solution. 


Metal 
Specimen 


Teflon 
Side End 
View View 
Figure 10—Mounting technique for crevice corrosion 
studies. 


indicates that corrosion non-inhibited 

acid increased 8.5 times when 
bubbled through the solution, Acids 
and show two three times the cor- 
rosion rate the presence The 
action the inhibitor acid 
unique that the corrosion rate 
actually decreased the presence the 
gas. 

Another interesting phenomena due 
the cleaning acid shown 
Figure The panels were treated 
percent inhibited acid for hours 
150 The panel the right had 
bubbled through the solution; the other 
did not. Note the severe hydrogen blis- 
tering the panel exposed the 
This appears the same type 
action that has been reported 
literature occur low solutions. 
The more common type occurs alka- 
line solutions the presence cya- 
nides. The strong acid here removes the 
protective sulfide film and permits the 
atomic hydrogen produced through cor- 
rosion penetrate the clean steel. Hy- 
drogen blistering has not occurred dur- 
ing acid cleaning refinery equipment, 
but this test indicates distinct pos- 
sibility. Annealing tends lessen this 
effect. Some bolt breakage apparently 
caused hydrogen embrittlement has 
been discovered subsequent acid 
cleaning operations. Service conditions 
are also favorable 
cause the sulfides present. Thus 
not conclusively associated with acid 
cleaning. Apparently critical stress phe- 
nomena are involved here also. 

During the acid cleaning refinery 
equipment, corrosion products may 
encountered which can have detri- 
mental effect the corrosion rate. 
These products may either water 
soluble water insoluble 
Table illustrates the effect 
the corrosion steel the presence 
some common substances. These sub- 
stances may act two ways: (1) they 
can release ions into the acid 


Figure 9—Hydrogen blistering produced laboratory 
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Specimen 1 Specimen 2 


Figure 11—Effect additives crevice corrosion Type 410 stainless steel cleaning acid. The additives 
used on the four specimens are: (1) lead acetate, (2) stannous chloride, (3) blank and (4) chloroplatinic acid 


Specimen 3 Specimen 4 


TABLE Corrosion Rate Steel Inhibited Hydrochloric Acids 


Hydrogen Sulfide* 


Rate in Presence of H2S 
Ratio 
Acid Rate in Absence of H2S 


Acid C 3 
Acid B 2 


! 
Temp., Degrees F 


* All tests were run two hours in 5 percent acids. 


TABLE Some Common Corrosion Products the Corrosion Steel 
Inhibited Hydrochloric Acid.* 


Corrosion Acceleration Ratio = 


Rate in Presence of 
Corrosion Product 


Corrosion Product Present (% to Rate, Mils Rate in Absence of 
acid solution) Per hour Corrosion Product 
Powers poor contact with steel: 
Steel embedded in power of FeS2 49 


All tests were run with percent Acid for two hours 150 


thereby increase the rate attack, 
(2) they can form galvanic couples with 
steel and accelerate the attack becom- 
ing the cathodic component. The chlor- 
ide salts indicated Table are all 
water soluble, and the acceleration ef- 
fect therefore caused the metal 
ion. and Cr*** accelerate the attack 
moderately, but has little influence. 
These percentages are higher than are 
usually encountered acid cleaning, 
but they indicate qualitative results. 
FeS apparently acts liberating H.S 
acid solution and also release 
Fe** both which accelerate the cor- 
rosion rate. not attacked 
dilute HCl any appreciable extent 
but apparently forms very active gal- 
vanic couple accelerating the corrosion 
powders. poor contact with 
steel small percentage (0.4) had only 


slight effect. The addition 0.4 per- 
cent increased corrosion 
factor three. This probably due 
the formation ions when the 
scale dissolves the acid. Although 
not shown, will also result the 
formation 

this test FeO accelerated corro- 
sion 7.5 although the mechanism 
not understood. One percent in- 
creased corrosion nine times, and per- 
cent FeCl; increased corrosion 220 
times. The mechanism corrosion ac- 
celeration ferric ion appears 
cathode reaction between and 
passing the hydrogen ion discharge re- 
action. Most inhibitors not appear 
effective against this type cor- 
rosion. Aware this fact, most clean- 
ing contractors titrate the solution for 
ferric iron with approximately 0.4 per- 
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cent being maximum allowable. When 
hydrogen sulfide present, probably 
tends reduce the ferric iron. Circula- 
tion, agitation with air and possible 
oxidizing agents used water treat- 
ment will tend oxidize the ferrous 
ferric and thereby greatly ac- 
elerate the corrosion rate. 


Effect Crevices Corrosion 


The fact that crevices have pro- 
effect the corrosion rate has 
discussed during pickling fur- 
tubes for millscale removal, where 
header plugs were corroded. crev- 
‘ce effect also was encountered 
chromium trimmed gate valves. 
difficulties prompted some test 
vork explore this phenomena. 

Thin strips Type 410 stainless steel 
sheet were mounted Teflon block 
shown Figure 10, thus creating 
crevice between the strips. These 
acid containing various additives, were 
maintained 140 for about hours. 
Upon removal, distinct crevice corrosion 
was found along the edge where the 
metal strips were contact. Typical 
specimens are shown Figure 11. 
ippreciable corrosion was observed away 
from the crevice area. These tests were 
duplicated with carbon steel strips and 
found similar. several cases 
thin Teflon gasket placed between the 
metal strips had effect upon the 
crevice corrosion, indicating that metal- 
to-metal contact not required. This 
type corrosion probably caused 
depletion the inhibitor the re- 
stricted crevices where diffusion occurs 
slowly, followed the establishment 
highly active and localized corrosion 
cells the metal surface. 

Many additives were tried mini- 
mize this crevice effect. Stannous chlo- 
ride, lead nitrate and lead acetate 
appeared the most effective re- 
ducing the crevice effect. Specimen 
Figure had stannous chloride 
added the solution. Specimen had 
lead acetate, Specimen blank and 
Specimen shows the accelerating ef- 
fects chloroplatinic acid. These tests 
were then carried one step farther; 
was added the system since 
present nearly all refinery streams. 
The cancelled the beneficial effects 


Any discussions this article not published above 
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the tin and lead salts reducing the 
crevice corrosion. While the addition 
the salts beneficial acid 
cleaning new units, the salts probably 
would not help other units where 
sulfidic scale present. The sulfides 
probably act precipitating the lead 
and tin the respective sulfides. 

This appears one the major 
problems acid cleaning refinery equip- 
ment. Many similar jobs have been per- 
formed with apparent ill effects. 
Rapid agitation seems eliminate this 
attack. Better inhibitors may de- 
veloped combat this effect, ad- 
ditives may found which will not 
affected sulfides the stream. 
Additional investigation must 
formed before equipment this type 
can cleaned with complete safety. 


Conclusions 

good cleaning acid must in- 
hibited protect the equipment, but 
the same time the inhibitor must not 
prevent dissolution the scale. 

The corrosion rate increases ex- 
ponentially with temperature. The maxi- 
mum allowable temperature will vary 
depending upon the inhibitor. Around 
170 generally ‘accepted’ maximum 
for carbon steel equipment; 125 the 
accepted limit for cast iron. 

The corrosion rate increases with 
concentration but sometimes compen- 
sated using increased quantities 
inhibitors. 

The presence increases the 
rate corrosion two three times. 
Hydrogen blisters were also produced 
laboratory tests. 

Ferrous and chromic ions increase 
the corrosion rate moderately, depend- 
ing upon the concentration. 

Ferric ions greatly accelerate cor- 
rosion cleaning solutions. 
percent solution increased the corrosion 
rate nine times. The ‘accepted’ limit for 
ferric iron 0.4 percent weight 
the solution. 

Free machining steels were found 
corrode 100 times fast low 
carbon steel depending upon the in- 
hibitor and the temperature. 

Severe pitting has been encountered 
percent chromium trim steel 


will appear the June, 1959 issue 


gate valves. recommended that all 
percent chromium removed 
equipment before acid cleaning. 


crevice effect sometimes en- 
countered during pickling furnace 
tubes around the header plugs. Addi- 
tives have been tound effective for new 
work but hydrogen sulfide, present, 
nullifies the beneficial effects. 


10. Hydrochloric acid effective 
cleaning tool and can safely used 
under most circumstances the proper 
procedures are followed. Disregard for 
these procedures, however, may result 
severe corrosion refinery equip- 
ment. 
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Introduction 
ULFUR DIOXIDE one the 
most serious offenders the gases 

which may contaminate atmosphere, 

because its corrosive effect upon 
many metals when moisture present. 

Thompson has stated that sulfur dioxide 

the predominate corroding agent 

atmospheric Clark has shown 
that this gas the chief constituent 
the air which affects indoor corrosion 
and that sulfur dioxide readily attacks 
steel and nickel when present at- 
tive Tolley has also shown 
that the presence water vapor the 
corrosive effect sulfur dioxide ac- 
When sulfur dioxide pres- 
ent aqueous solutions either sul- 
hydrochloric acid, the corrosion 
rate iron the medium 
tional the sulfur dioxide concentra- 
Work Binger, Wagner and 

Brown indicates that high concentra- 

tions sulfur dioxide aqueous solu- 

tion the corrosion rate 


Corrosion Iron and Steel 
Sulfur Dioxide 
study the manner which sulfur 
dioxide attacks iron and ferrous alloys 
should prove interesting, and useful in- 
formation might following 
the changes sulfur dioxide content 
containing iron specimen. 


Polarographic Corrosion Studies 

The use the polarograph cor- 
rosion studies neither new nor com- 
mon. Burns first used this instru- 
ment for the study corrosion 1937 
when compared the rates solution 
two grades lead distilled 
This was done measuring changes 
the lead ion concentration 
used the polarograph study the effects 
oxygen and carbon dioxide the 
corrosion This work was 
done measuring changes the con- 
centration various corrosive agents 
corrosion Since that time, 
number investigators have used 
polarographic method for corrosion 
studies. For the most part, changes 
the concentration the corroding agent 
have been determined. 

The polarograph permits qualitative 
and quantitative analysis for the constit- 
uents solution means meas- 
ured reduction currents resulting from 
the application gradually increasing 
cathodic potentials dropping mer- 
cury rotating platinum electrode im- 
mersed solution containing reduc- 
ible tons molecules. 
wave recorded any several 
means, the abscissa being the applied 
| Group leader, Analytical Research, Metals 


Division, Kaiser Aluminum and Chemical 
Corp., Permanente, Cal. 


‘) Professor of Chemistry, University of Flor- 
ida, Gainesville, Florida. 


*No distinction will be made in this paper 
between sulfur dioxide in solution and/or 
sulfurous acid (H2SO3). 
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Polarographic Study the Corrosion 
Iron and Some Ferrous Alloys Sulfur 


electromotive force and the ordinate be- 
ing the current passing through the cell. 
The height the wave thus recorded 
measure the limiting diffusion 
current the ion molecule being re- 
duced, and therefore the concentra- 
tion the substance. The reduction po- 
tential the substance, which the 
point which the wave recorded, 
characteristic that ion molecule. 
general, substances having reduction 
potentials from 0.0 volts —2.4 
volts with respect the saturated calo- 
mel cell may determined this man- 
duced the polarographic analysis 
small compared the bulk concen- 
tration the same material that any 
changes concentration caused the 
analysis may disregarded the 
ranges that the instrument may used. 
Thus, successive analyses the same 
solution may made intervals 
rapidly the mechanical factors the 
instrument permit. The time required 
for analysis varies from ten seconds 
five minutes depending upon the in- 
strument and the manner which the 
analysis performed. and Lin- 
gane state that the accuracy the po- 
larographic method percent within 
the concentration range 10° and 
molar, and percent between and 
10° molar.” This equal that 
other micro analytical methods. 


There are number limitations 
the use the polarograph corrosion 
work, but where applicable, this method 
permits relatively rapid and controlled 
study process. 


Studies made polarographic analy- 
sis the solutions not define the 
method the attack, i.e., general sur- 
face attack, pitting, other forms 
corrosion. The major objection that 
the solution studied must good 
electrolyte, not, must have ioniza- 
ble salt added excess form good 
electrolyte. This necessity often rules out 
the use the instrument, particularly 
studies concerning the effect distilled 
water non-conducting organic liquids 
in corrosion, 


Gosman and his co-workers first 
showed the possibility reducing sulfur 
dioxide the dropping mercury elec- 
trode and obtained well defined waves 
one-normal hydrochloric They 
also showed that reduction occurred 
neutral alkaline solutions. Kolthoff 
and Miller extended this work and 
showed that, while sulfur dioxide 
readily reduced acid solution, the 
wave height found dependent upon 
the the solution and that with 
constant concentration the sulfite 
dioxide the wave height de- 
creased with increasing pH.” strong- 
acid solution only one wave was 
found, but six, two small 
waves appeared, reduction occurred 
greater than six. The half-wave 
potential 
acid was found volts with 
respect the saturated calomel elec- 


Abstract 


A study was made of the manner in 
which sulfur dioxide attacks iron and 
ferrous alloys. A polarographic method 
was used to follow the changes in the 
sulfur dioxide concentration. Tests were 
made one pure iron low 
exposed sulfur dioxide 
over 12-hour periods. Extensive data are 
reported on the rate of consumption of 
sulfur dioxide by the various test samples. 

A corrosion mechanism involving the 
reduction sulfurous acid iron 
give the sulfide is discussed. 4.3.2 


trode although this varied the 
supporting electrolyte. 


Apparatus 

Model XII 
photographically recording polarograph 
was used for all work described herein. 
dropping mercury electrode was used 
all cases. shunt ratio was 
amperes per millimeter wave height. 

The cell used shown Figure 
The essential difference 
cell and those commonly used polar- 
ographic work the addition glass 
barrier tne bottom the cell re- 
strict the anode pool and allow the 
metal samples placed such 
position that corrosion products would 
not contaminate the large mercury 
When allowed come con- 


Figure 1—Polarographic cell, illustrating anode 
barrier. 
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F gure 2—Consumption of SO: by Sample 1 during 
first 12-hour period. 


TABLE 1—Composition and Ferrous Alloys* 
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Figure 3—Consumption Sample during 
second 12-hour period. 


COMPOSITION, PERCENT 
0.04 0.020 0.002 0.007 0.001 


* Obtained from the Research Laboratory, Unit ed 


tact with the anode, these products 
caused such variation potential that 
measurements the diffusion current 
and the half-wave potential could not 
made. Placed between the glass bar- 
rier and the outer wall, the metal sam- 
ples rested edge the bottom 
the perceptible change the 
wave height sulfur dioxide could 
found when the contents the cell 
were stirred gentle shaking, This 
indicated that the barrier did not affect 
diffusion significantly. 


The use other cells was tried with- 
out success. “H” cell with the metal 
sample one arm and the anode the 
other was considered suitable appa- 
ratus, but this was found unsatis- 
factory because homogeneity the solu- 
tion could not obtained after the 
corrosion process had begun. 

Because loss sulfur dioxide oc- 
curred when rubber stoppers were used, 
all connections were made with ground 
glass fittings. glass tube was used 
between the mercury reservoir and the 
capillary within the cell. stopcock 
the tube permitted the flow mercury 


Two cells were used, both having 
volume milliliters. Both cells were 
calibrated for loss sulfur dioxide 
either loss solution use 
the cell components. the ground 
glass stopper was properly inserted into 
the cell, measurable loss sulfur 
dioxide occurred for over 100 hours. 


The first cell adopted for use was 
calibrated for wave height the sulfur 
dioxide for known sulfur dioxide con- 
centrations analyzing the contents 
the cell and duplicate portions the 
solution with which the cell had been 
filled. The official method the Ameri- 
can Public Health Association was used 
for this The second cell was 


States Steel Corporation, Vandergrift, Pennsylvania 


calibrated against the first determin- 
ing the wave heights for aliquot portions 
the same sulfur dioxide solution 
the two cells. This was necessary since 
wave height dependent upon various 
factors which are turn dependent 
upon the capillary used. Calibration 
curves for the two cells were then con- 


concentration range between 
and 150 parts per million sulfur di- 
oxide could covered adequately. Al- 
though measurements wave height 
for concentrations below ppm could 
made, this low concentration range 
was not advisable. The precision the 
chemical analysis used determine the 
calibration curve was not good low 
sulfur dioxide concentrations although 
was possible polarographically de- 
tect differences content small 
two parts per million the instru- 
ment sensitivities employed. 


Materials and Procedure 


Metal samples used this work were 
obtained from Dr. Mears the 
United States Steel Corporation and 
Dr. Denison the National 
Standards. With the excep- 
tion the Sample all samples were 
low alloy steels similar those which 
have been used corrosion tests the 
two organizations. The compositions 
the various materials are shown 
Table 

The sulfur dioxide solutions used 
corrosive media were made bubbling 
tank SO: into 0.1 potassium chloride 
(AR quality). large volume strong 
stock sulfur dioxide solution was main- 
tained under nitrogen atmosphere 
all times. The exclusion oxygen was 
necessary prevent the reaction be- 
tween oxygen and sulfur dioxide which 
would cause decrease sulfur dioxide 
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Figure 4—Consumption Sample during 
first 12-hour period. 


concentration. Aliquot portions the 
stock were diluted with oxygen-free* 
potassium chloride solution obtain 
the desired reagent concentrations for 
this work. Although solutions which 
contained equal quantities were 
difficult obtain this procedure 
over periods time, the procedure was 
preferable that obtaining SO: 
solution mixing calculated quantities 
sulfites bisulfites with buff- 
ered solutions. This latter procedure 
has been used other investigators.” 


Early experiments showed that, when 
gaseous was bubbled into the sup- 
porting electrolyte, immediately 
measurable reduction wave was ob- 
tained which did not change with time 
(no steel specimen present). However, 
solutions sodium sulfite sodium 
bisulfite were introduced into buffered 
acid supporting electrolyte produce 
sulfur dioxide (or sulfurous acid), the 
height the polarographic wave in- 
creased for some time, except very 
acid buffers when maximum height 
was reached immediately. This point 
worthy further investigation and may 
account for statements that sulfur di- 
oxide must measured 
acid solution and that the wave height 
dependent upon the pH.” Since 
feasible method measuring the wave 
height sulfur dioxide, which was 
relatively independent the de- 
sired ranges, was obtained the use 
gaseous SO:, the point was not in- 
vestigated further this work. 


However, clarify whether changes 
within the cell would significantly 
affect the wave height recorded for 
given concentration within the 
ranges studied, the wave heights were 
unbuffered one-tenth molar potassium 
chloride solutions and buffered citrate 
solutions. Between 2.00 and 4.00 
the the solution did not signif- 
icantly affect the recorded wave height. 
For example, wave height 
was recorded for solutions containing 
ppm whether the solution was 
unbuffered potassium chloride 
3.15 the buffered citrate 3.80. 
This relationship was determined 
steps 0.2 units between 2.00 
and This range was adequate 
include all the measurements taken 
this investigation. 


* The term oxygen-free is used in the sense 
that oxygen could not be detected polaro- 
graphically and was thus less than 10-8 to 
10-7 molar in concentration. 
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Figure 5—Consumption of SO: by Sample 3 during 
first 12-hour period. 


were The gauge varied, but all 
cases the total apparent surface area 
was between 4.35 and 4.50 square cen- 
timeters. The specimens were annealed 
for one-half hour 950 (1740 
and then furnace cooled. The primary 
purpose this treatment was remove 
strains and cold work caused shear- 
ing the specimen size because the 
ratio the surface area the edges 
the total surface area 
large. Before use, scale was removed 
wire brushing, and each specimen 
was polished with successive grades 
emery cloth through 3/0. The specimen 
was then thoroughly washed with 
percent alcohol and finally with distilled 
water obtain water break-free sur- 
face. The surface was dried blotting 
with filter paper. 

The specimen was placed position 
the test cell which was continuously 
flushed with nitrogen until the solution 
used was introduced. The cell was 
filled overflowing with the sulfur di- 
oxide containing solution and the ground 
glass stopper inserted. Care was taken 
that air space existed between the 
solution and the stopper. 

The first measurement SO: concen- 
tration was made immediately. Succes- 
sive measurements usually were made 
intervals one-half hour although 
shorter periods were sometimes used 
when became apparent that the 
concentration was changing rapidly. The 
mercury flow was interrupted between 
measurements. When measurements be- 
tween and hours were desired, the 
initial measurement was made and the 
test cell permitted remain undis- 
turbed for twelve hours. The wave 
height the was then recorded 
usual half-hour intervals. 

Measurements wave height were 
made the half-wave potential all 
cases, using standard techniques. These 
measurements were made to the nearest 
one-half millimeter which corresponded 
one part per million sulfur dioxide 
the sensitivity which the apparatus 
was used. 


Results 

The results obtained plotting the 
sulfur dioxide concentration against time 
are shown Figures through 11. Each 
figure represents the measurements 
made with one specimen only for 12- 
hour period. The measurements that 
were made during the period between 
and hours are shown for two sam- 
ples only (Figures and 11). The shape 
the curves during the second 12-hour 
period was the same the first twelve 
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Figure 6—Consumption Sample during 
first 12-hour period. 


hours although most cases the over- 
all rate sulfur dioxide consumption 
decreased. 

Figures and show the consump- 
tion sulfur dioxide pure iron 
(Sample 1). The initial rate consump- 
tion high and persists for almost two 
hours, after which the rate reaction 
decreases and extremely low for 
two hour period. the end this 
time, there sharp increase the 
consumption the sulfur dioxide, again 
for two hours, and followed another 
period inactivity. This lowered ac- 
tivity lasts only short time before the 
rate again increases, this time for about 
three hours after which the rate de- 
creases. Figure shows that the general 
picture the process from 
hours much the same although the 
over-all rate greatly decreased. 

Figure shows the consumption 
sulfur dioxide Sample low car- 
bon steel low alloy content. Again, 
the initial two hour period shows the 
greatest rate consumption the cor- 
roding agent. This followed de- 
creased activity for two hours and then 
increased rate consumption. This 
increased rate continues for more than 
four hours when second inactive period 
occurs. After approximately two hours, 
the rate again increases. However, there 
almost continuous consumption 
sulfur dioxide for the entire 12-hour 
period aithough the rate much less 
than that for pure iron. 

The consumption sulfur dioxide 
Sample which also low alloy 
content, shown Figure This sam- 
ple contained relatively large percent- 
age copper. The greatest rate con- 
sumption sulfur dioxide the first 
two-hour period, and this also fol- 
lowed lower rate for the next two 
hours. After this, the sulfur dioxide 
consumed the same rate for succes- 
sive two-hour periods hours 
although the curve shows short periods 
decreased activity regular intervals. 

Figure illustrates the reaction rate 
for Sample which slightly higher 
alloy content than Sample although 
the same general composition. Sam- 
ple contains the highest percentage 
manganese the samples tested. The 
curve obtained for this steel similar 
that obtained for Sample with 
periods activity and inactivity. be- 
fore, the greatest rate consumption 
sulfur dioxide occurs the first two 
hours, followed period inhibi- 
tion. The rate for the first hours 
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Figure 7—Consumption Sample during 
first 12-hour period. 


120) 


PPN REMAINING 


2 
HOURS 


Figure 8—Consumption Sample during 
first 12-hour period. 


appears divided roughly ap- 
proximately six hours. The rate for the 
last six hours slightly greater than 
for the first six since the first period 
inactivity lasts for almost four hours be- 
fore activity 


Figure for Sample This sample 
was the highest phosphorous, silicon 
and copper any the alloys tested. 
inactive period not shown until 
after the sixth hour although the 
consumption rate considerably less 
after the first two hours. The inactive 
period about hour. The consump- 
tion sulfur dioxide then resumed 
without another inactive period although 
the rate varies and not constant. 


Sample shown Figure This 
sample contains 2.1 percent nickel. 
Again the first two hours the con- 
sumption sulfur dioxide proceeds 
the greatest rate. After this, period 
inactivity occurs for two hours, fol- 
lowed two-hour period increased 
consumption. This followed three 
hours decreased action, and then 
again, increased activity the part 
the sample. 

Figure shows the results for Sample 
which contains 3.5 percent nickel. 
the first hours, the periods re- 
action and passivity are well defined 
compared the previous sample. Four 
periods activity and three periods 
inhibited action are observed. 
Sample containing 5.9 percent 
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Figure 9—Consumption Sample during 
first 12-hour period. 


chromium, shown Figures and 
11. This type steel may known 
4-6 Chromium alloy. The first two hours 
show rapid consumption sulfur di- 
oxide and are followed three-hour 
period which there apparently 
use the corrodant. two-hour period 
activity then followed two hours 
ity again resumed the eighth hour 
and continues for the rest the 12-hour 
period. The last hours assume al- 
most steady rate sulfur dioxide con- 
sumption with two short periods in- 
activity between the sixteenth and the 
twentieth hours. 

Table summaries the information 
obtained for the first hours for each 
sample. While the general corrosion pic- 
ture depicted, that periods activ- 
ity followed periods inhibition, 
reference the curve for particular 
sample gives truer picture the cor- 
rosion process. all cases, the greatest 
consumption sulfur dioxide the 
sample occurred during the first two 
hours. 

Although curves for only 
men each alloy for given period are 
shown each figure, the shapes the 
curves are reproducible. This shown 
Figure which the reaction curves 
for three different specimens the same 
alloy three different solutions are 

The logarithm the remaining sulfur 
dioxide concentration versus the time 
plotted for three samples Figure 13. 
the logarithm the concentration 
against time during the period which 
the reaction taking place, straight 
line will result the reaction first 
order with respect that particular 
component. The corrosion process, there- 

fore, first order with respect the 
sulfur dioxide for least the greater 
portion the first 12-hour Only 
plots for Samples and are shown. 
Two these represent the extreme 
limits the rates found; the third rep- 
resents sample rate falling between 
these limits. All others studied gave the 
same type plot, the slope the line 
being the only major difference. 


Discussion 
When the cells were cleaned the 
end corrosion period, the odor 
hydrogen sulfide was present. When 
samples metal were placed 


Figure 10—Consumption SO2 Sample during 
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TABLE 2——Consumption Sulfur Dioxide During First 12-Hour Period 


° 


INITIAL 


HOURS 


Figure 11—Consumption SO2 Sample during 


second 12-hour period. 


Percent Total Used Per Two Hour Period 


Total 
Sulfur Dioxide 
Sample No. Consumed (ppm) 0-2 2-4 | 4-6 6-8 8-10 10-12 


stronger sulfur dioxide solution than 
those which were for corrosion 
tests, the odor hydrogen sulfide be- 
came very strong short time. Ap- 
parently, sulfur dioxide reduced either 
wholly part the sulfide ion. 
Simple qualitative tests indicated that 
the black coating was ferrous sulfide. 

Although the solutions used were acid 
and had less than 4.0, meas- 
urable quantity hydrogen was evolved 
during the corrosion process. 

Any mechanism for the corrosion 
which may postulated must therefore 
account for the presence the sulfide 
and the lack evolution hydrogen 
gas the acid solution. 

The most probable mechanism that 
the reduction the sulfurous acid 
the iron give the sulfide. Using 
dation potentials from Latimer, the fol- 
lowing reactions and values may 


+0.58 


the use the equation 
may calculated that for the 
above reaction —80.2 kilocalories. 
This large enough for the reaction 
readily possible. 

This reaction would account for the 
presence the sulfide which was found 
and the black coating ferrous sulfide 
the metal sample. The initial rapid 
consumption sulfur dioxide would 
caused the reduction the sulfur 
dioxide and the consequent formation 
ferrous sulfide coating upon the sur- 
face the sample. the coating upon 


the metal becomes thicker and more 
stable, more sulfide dioxide can reach 
the metal. This would account for the 
period apparent inactivity following 
period sulfur dioxide consumption. 

The equilibrium constants for hydro- 
gen sulfide are given Latimer 
combination and the fol- 
lowing expression obtained: 


10” 


Latimer also gives the solubility prod- 
uct for FeS that the 
sulfide ion concentration must have the 
tuted into the equilibrium expression for 
hydrogen sulfide, the equation becomes: 


and, rearrangement, the concentration 
the ferrous ion must have the value: 


The maximum sulfide ion concentration 
that could obtained this work 
the available sulfur dioxide were con- 
verted the sulfide. The maximum 
that was studied was approximately 
These would the conditions for 
the minimum solubility FeS. sub- 
stituting these values into the expression 
concentration above, the Fe** 
Even under minimum solubility condi- 
tions for these experiments, large pro- 
portion the ferrous sulfide formed 
could dissolved the solution. 
Thus, the ferrous sulfide coating upon 
the iron sample dissolved the acid 
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Figure 12—Consumption of SO: by Sample 8 show- 
ing reproducibility of measurements. 


some time will elapse until the remain- 
ing coating becomes permeable and sul- 
fur dioxide can again react with the 
metal. When this happens and the con- 
sumption the sulfur dioxide resumed, 
new period increased activity 
shown. The process becomes cyclic 
nature and may continue remain so. 
During the initial stages the attack, 
the periods inactivity will 
tively short because the greater solu- 
the ferrous sulfide during this 
time. the concentration the sulfur 
dioxide limited these experiments, 
possible that inactivity periods will 
longer the attack continues and 
the solubility ferrous sulfide decreases. 
Eventually, steady condition might re- 
sult enough ferrous sulfide remained 
upon the surface the metal that the 
attack proceeded the same rate the 
dissolution the coating. 
The formation the original ferrous 
sulfide coating must depend upon the 
relative rates several reactions and 
least two The first these 
the reaction the ferrous ion and 
the sulfide ion form ferrous sulfide 
and the equilibrium concerned with the 
dissolution the ferrous sulfide. The 
other reaction and equilibrium are those 
concerned with the hydrogen ion and 
the sulfide ion the formation hy- 
drogen sulfide. must realized that 
the situation hand not analogous 
the precipitation ferrous sulfide 
hydrogen sulfide acid solution 
ordinary qualitative analysis. that 
case, the sulfide ion must formed 
the ionization hydrogen sulfide, and 
this prevented the hydrogen ion 
already present. the present case, the 
sulfide ion formed the reaction 
the surface the iron sample. the 
interface between the solution and the 
metal surface, high local concentra- 
tion ferrous ion and sulfide ion exists, 
and the hydrogen ion concentration 
diminished because the reduction that 
takes place. The rate reaction be- 
tween the ferrous ion and the sulfide ion 
must more rapid than that establish- 
ing the equilibrium between the dimin- 
ished concentration the hydrogen ion 
and the sulfide ion. The formation 
ferrous sulfide results. The probability 
this reaction must considered since 
the ions are present interface be- 
tween the solution and the solid metal 
sample and not the bulk the solu- 
tion where the hydrogen ion-hydrogen 
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sulfide equilibrium would 

fective. 

Although mechaninism for the cor- 
rosion ordinary iron and steel alloys 
has been postulated which satisfactorily 
explains the data obtained, there al- 
ways the possibility that some other re- 
action, although less apparent, may actu- 
ally take place. also possible that 
the corrosion process may involve sev- 
eral reactions operating concurrently. 
The reduction solution sulfur 
dioxide may yield many possible prod- 
ucts. The two best known 
fate and free sulfur. free sulfur was 
cell. The half-wave potential the thio- 
sulfate ion given Kolthoff and 
Lingane with respect the 
saturated calomel electrode.” Since this 
within the range covered the meas- 
urements the sulfur dioxide concen- 
tration, the presence any thiosulfate 
ion should have been apparent the 
polarograms which were made. This was 
not the case, and evidence was ob- 
tained indicate the presence this 
ion. may noted here that there 
recorded half-wave potential for 
sulfur compound above that sulfur di- 
oxide acid solution. Since wave 
other than that sulfur dioxide was 
observed between 0.00 volts and approx- 
imately —1.4 volts, would seem that 
any sulfur compound that can fur- 
ther reduced polarographically 
indicated. Since free sulfur would not 
indicated polarographically the 
present study, the possibility should not 
overlooked that may have been 
present transitory state the re- 
duction process quantities small 
escape visual detection. 

The products corrosion 
compounds may complex and consist 
polvsulfides well the simple sul- 
This must considered since the 
values for the free energy formation 
the sulfide ion and the various poly- 
sulfide ions differ relatively small 
amounts. Latimer calculates the free 
energies follows: 22,100 cal.; 
19,400 


Conclusions 

Table lists the percentage the 
total sulfur dioxide consumed each 
the eight samples the two 12-hour 
periods. Samples and show the 
most activity and Sample the least. 


Vol. 


TABLE Dioxide Consumption 
12-Hour Periods 


Percent Sulfur 
Dioxide Consumed 


0- 12 Hours 12- 24 Hours 


comparison Tables and indi- 
cates the following: 


Samples and show the beneficial 
results the addition manganese. 
this coupled with the addition cop- 
per, Sample all the benefits 
the manganese are lost. decrease 
the amount copper and small in- 
crease chromium produces the most 
resistant alloy the series shown 
the behavior Sample 


small decrease manganese and 
large increases copper and chromium, 
Sample eliminates all benefits accrued 
the addition manganese and chro- 
mium. This sample also contains the 
highest amounts phosphorus and 
silicon. 

Samples and which have the high- 
est nickel and Sample which 
has the highest chromium content, also 
show definite improvement. 


Therefore, manganese was 
inhibitor the corrosion, and chromium 
also lessened the attack 
sulfur dioxide. direct contrast, copper 
seems the most detrimental the 
additives. Silicon might also placed 
this class. 


Acknowledgment 


Mears and Dr. Denison for sup- 
the metal samples used 
this work well for suggestions con- 
cerning the work. 


References 
1,R. J. S. Thompson. Gas Journal, 224, 608 
(1944), 
Clark. Metal Industry, London, 55, 


ante Tolley. J Soc Chem Ind (London), 404-7 
(1948). 

plicd Chem, (USSR) 8, 864 (1935). 

WwW. W Binger, R. H. Wagner and R. H. 
Brown. Corrosion, 9, No. 12, 440 (1953). 

6. R. 3urns. J Applied Physics, 8, 398 


> w 


7.P. Van Rysselberghe. Polarographic Study 
of Corrosion Phenomena. Technical Report, 
ONR Contract No. N6-ONR-218 (1946-47). 

Gropp, Williams Delahay. Cor- 
rosion and Material Protection, 5, No. 2 
(1948). 

nical Report, Covering period Oct. 1948-Tune 
1949, ONR Contract No. N6-ONR- 218, Proj- 
ect No. 


Kolthoff and Lingane. Polaro- 


graphy. Interscience Publishers, Inc., New 
York, 10 (1946). 


11. B. Gosman. Collection zechoslov, Chem 


Comm, 2, 185 (1903). 


Soc, 63, 2818 (1948). 


13. American Public Health Association. Stand- 


ard Methods for the Examination of Water 
and Sewage, New York, 9th ed. (1946). 


14. W. M. Latimer, The Oxidation States of the 


Elements and Their Potentials Aqueous 
Solutions, 2nd ed., Prentice Hall, Inc., New 


und 
tect 
pro 
its 
eng 
afte 
rel 
dat 
pip 


— mple No. 
| 
| 
| 
8 
r 
scr 
nol 
col 
to 
alt 
se 
ev 
n 
: re 
c 


N 


4 


Cathodic Protection and High Resistivity Soil—A Sequel* 
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Introduction 

OST CORROSION ENGINEERS 

are agreed the wisdom and 
economy placing coated pipe lines 
under continuous, solid cathodic pro- 
tection. They find, however, that solid 
protection bare pipe lines normally 
not economically feasible because 
its larger current requirements. Hence, 
engineers resort either spot protec- 
tion based careful survey, recon- 
ditioning and coating the old pipe 
after which solid protection added 
relatively low cost. 

Most the published experience 
date concerns spot protection bare 
pipe low resistivity soils. 

The author earlier paper’ de- 
scribed the design, installation, and eco- 
nomic aspects solid protection system 
consisting rectifiers along 350 miles 
8-inch pipe, from Port St. Joe, Florida 
Atlanta, Georgia. About 325 miles, 
percent this pipe was bare. 

Figure map the pipe line, the 
alternate black and white spaces repre- 
senting the protective spreads from each 
the rectifiers. For the sake sim- 
plication only the even numbered recti- 
are listed. 

Today, some five years later, there 
evidence that solid protection bare 
pipe lines very high 
resistivity soils both feasible and eco- 
nomically justified provided over-protec- 
tion avoided use modified 
remote electrode criterion design. 

Table shows what meant the 
term “high resistivity soil.” The average 
resistivity pipe depth probably 
close 100,000 ohm-centimeters and 
classed “very high.” 

The sizing and placement rectifiers 
for this system was based lowering 
the pipe potential minimum 0.3 volt 
with respect copper sulfate elec- 
trode placed remote earth 300 feet 
from the Reasons for using this 
design were: 

(a) Supplementary tests using two cop- 
per sulfate electrodes anodic 
points indicated that anodic areas 
were suppressed wherever 0.3 volt 
more lowering pipe potentials 
was being obtained. This test 
made placing one electrode over 
the pipe and the other feet out 
right angles. Henceforth, this ar- 
rangement will referred “the 
electrode test.” 

(b) This design called for the least 
number rectifiers, lowest current 
density, and consequently the least 
cost any other criteria. 

Since the final analysis, time and 
leak record adequacy 
any cathodic protection system, might 
well the leak record shown 
Figure The line was constructed 
1941, the first leak occurred August 
1943, and another July 1945. late 
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1946, rectifiers were installed cor- 
rosive areas give spot protection until 
October 1952, which time the design 
and installation the rectifier remote 
electrode system was completed. The 
leak total was seven lieu esti- 
cated the well known and widely 
accepted logarithmic leak frequency 
curve for long lines. Ten corrosion leaks 
have occurred the five year period 
from October 1952 October 1957, 
whereas the estimated 
curve indicates that this time total 
leaks would have numbered 370. 

Although each leak was analyzed 
determine its cause, only enough time 
will taken here describe typical 
leak each the four categories 
established. 


Rectifier Downtime 

Category Leaks 

Leaks which would not have occurred 
had the rectifiers been kept the line 
specified output will referred 
Category leaks. None this pipe re- 
ceived protection for approximately 
years and only portions received 
protection during 12-year period. For 
this reason the piping was the verge 
leaking many locations. All that 
was needed cause leak some 
cases was for rectifier down for 


Abstract 


Additional information given supple- 

ment an earlier paper dealing with the 
installation and economic aspects of a 
25 rectifier system used to provide solid 
protection along 350 miles of bare 8-inch 
pipe in ultra-high resistivity soil. Four 
asic types leaks are discussed. 

Analysis of the leak record is made 
from data obtained at each leak location 
effort properly allocate those 
leaks due to inadequacy of the criterion 
as opposed to leaks resulting from recti- 
fier down-time or other unusual causes. 
A total of 10 leaks which occurred during 
the first five years operation are con- 
sidered. 

A summary is given of the savings to 
be expected from use of this method of 
design over other criteria as well as pre- 
cautions to be taken in its use. 4.5.3 


day week, for unduly high 
line pressure surge neces- 
sary rectifier and ground bed mainte- 
nance speeded and frequency 
reporting rectifier operating data 
maintained once per week, be- 
lieved leaks from this source will become 
rare, 

example Category leak oc- 
curred January 14, 1957, 1.64 miles south 
amps output and miles north 
motor-generator set with normal out- 
put amps. Needless say the 
nearer unit furnished practically 100 per- 
cent the protection that point. 
rectifier was installed October, 1946, 
giving this “leak be” year and 
month start and pit estimated 
percent perforation depth before any 
protection was applied. 

After protection was applied the aver- 
age output for years from 1946 1953 
was only amps. This output was 
enough, however, give pipe soil 
potential difference 0.55 volt (1.01 on, 
0.46 off) remote electrode and 0.10 
volt (0.62 on, 0.52 off) local elec- 
trode and thus either halt slow down 
corrosion activity. day down time 
1953 and day down time 1954, 
however, spite and ampere 
average outputs allowed corrosion 
proceed and reduce wall thickness its 
absolute safe minimum. 1955, with 
ampere average and only hours 
down time, further penetration was not 
experienced. This did not prove true 
1956 where the output averaged 45% 
amperes and where there were three 

days down August and days 
the end December. January 
slight surge resulted breakthrough. 
Pipe soil potentials feet from the 
leak collar were follows: 


P/S(Local) P/S(Remote) 


Rectifier 1.55 
Rectifier Off 
Difference 1.09V which 


over three times the minimum require- 
ment 0.3 volt, 2-electrode test gave 
the following data: 
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Figure 1—Cathodic protection system for Southeastern Pipe Line Co. 


Prior excavation the leak necessitated 
taking 2-electrode data four feet from 
the leak collar. The low minus values 
(—14 and mv) with the rectifier 
off indicates that although cathodic 
this point, the pipe could easily have 
been apprectably anodic four feet away, 
whereas the high minus values (—210 
and —250 mv) with the rectifier 
indicate that even with abnormal at- 
tenuation these should 
suppress corrosion right the leak. 


Category Leaks 

Category leaks are defined here 
leaks which occurred areas either 
known less than the minimum pipe 
soil potenttal necessary for protection 
below standard. There are three four 
known areas still below standard due 
excessive currents being picked 
foreign lines and returned 
wires the crossings. All the cur- 
rent bond represents total loss 
the protected line. Many these bonds 
are being eliminated coating the line 
from 400 1000 feet the crossings. 
such cases there remarkable im- 
provement the foreign line potentials. 
Figure shows example this which 
believed self-explanatory even though 
results are somewhat amazing. Cate- 
gory leak occurred April 23, 1956, 
mile long area which was below 
the 0.3 volt criterion due allowing 
new foreign line have amperes 
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bond 3.85 miles away. This supposition 
believed correct because the leak oc- 
curred less than three months after the 
bond was made and tests showed that 
the closed bond caused the P/S potential 
the leak area change 0.2 volt with 
the rectifier and off, whereas with 
the bond open, the change became 0.3 
volt. this particular case the am- 
pere bond was later eliminated when the 
foreign line installed its own rectifier 
system. 

Many 2-electrode tests made con- 
junction with remote P/S tests anodic 
points indicate that better than times 
out 10, suppression accomplished 
where 0.3 volt difference obtained. 
Inasmuch the rule not infallible 
necessary when checking out newly 
designed system use the 2-electrode 
test conjunction with the P/S poten- 
tial test anodic points nearest the 
mid-areas electrical centers between 
rectifiers. these weakest areas are 
receiving adequate current effect sup- 
pression, chances are that going either 
way toward rectifier will show still 
better results. This, however, 
always true; two leaks have occurred 
close rectifiers where the remote 
criterion was more than satisfied, yet 
the 2-electrode test indicated lack 
suppression. These leaks might have 
been avoided 2-electrode tests had 
always been made along with the P/S 
tests when checking out the system. 
Experience has shown that when 


TABLE 1—Soil Resistivity Classification 


RANGE OHM-CM CLASS 


High 


Ultra-High 
Super-High 


anodic spot found the 2-electrode 
test, the rectifier should tapped 
sufficiently cause the millivoltmeter 
pointer swing least far the 
cathodic direction from zero was 


the anodic direction with the rectifier 
off 


Category Leaks 


Category will those leaks 
which occurred due pine other 
types roots objects causing cells 
shielding which practical amount 
cathodic protection could 
vented. One large pine tree area was 
inspected and although many roots were 
along the pipe, the pipe was excellent 
condition. appears there will always 
some unusual circumstance arise 
and cause leak, which circumstance 
would unusual that would 
uneconomical attempt eliminate the 
possibility its recurrence. 


Category leak occurred February 
13, 1956, only 0.78 mile from rectifier 
which had had down time since in- 
stallation November 1951 except for 
two weeks October-November, 1954. 


Pipe soil data were follows: 


P/S P/S 
(Local) (Remote) 
Difference 2.5V 


noted that these potentials are high 
enough more than satisfy any crite- 
rion. The crew had noticed roots grow- 
ing the pipe when clamping the leak, 
and tests one these small inch 
diameter roots with millivoltmeter in- 
the root. This indicates that even 0.85 
volt local electrode criterion not al- 
ways enough stop certain types 
concentration cells. Just Sir Hum- 
phrey Davy* knew that very feeble 
chemical action would destroyed 
very feeble electrical force,” appears 
that occasionally bare steel pipe 
line chemical cell action requires above 
standard electrical force insure its 
destruction. 


Category Leaks 

All leaks not contained Categories 
quacy the remote electrode criterion 
when used without benefit the addi- 
tional 2-electrode test. example 
this type leak (referred here 
April 1957, small leak was found 
10.91 miles north one rectifier and 
11.86 miles south the other. Pipe 
soil data were follows: 


P/S (Local) (Remote) 
310 


The 0.79 volt lowering potential 
the remote electrode about times 
the minimum specification. 


Decen 


direct 
pipe 
conta 
ever, 
the 


é 
Chattanooga 4 5,000-10,000................| Medium 
aria 
24 vith 
i) 
nad 
Newton 
Florida 
mal 
low 
and 
me: 
are 
any 
anc 
of 
cur 
far 
tra 
ter 
tec 
At 
re 
p! 
d 


on 


December, 1958 


2-electrode test could not made 
the leak clamp due the 
pipe having already been raised out 
contact with the soil for cleaning. How- 
ever, was made 150 feet south with 
the following result: 


S/S 
Both —150mv 
60mv Both Off 75mv 

Diff. 


When these tests can made directly 
the leak within 2-3 feet, they in- 
ariably show anodic readings 
both rectifiers off. Both rectifiers 
excellent record operation. 
Records down time were begun four 
ears previously, with only hours and 
hours down time, both November 
956. believed leak from this 
time would have shown within 
days. 

Whenever leaks are believed due 
nadequacy the criterion (i.e., Cate- 
leaks), the adjacent rectifier 
‘ectifiers are tapped give greater 
the next higher criterion. 
another paper was stated: “Our 
has shown that where both 
remote electrode criterion and the 
2-electrode test are satisfied, protection 


Reduction Leaks 

the leaks mentioned, three were 
Category one Category three 
Category and three Category 
This means then, that giving top 
priority rectifier and ground bed 
maintenance that units are never al- 
lowed run below specified output, 
and answering patrol plane outage re- 
three out every ten leaks might 
eliminated. Practically, course, down 
time cannot completely eliminated. 
means also that eliminating the three 
areas known below standard and 
any newly discovered areas, coating 
and wrapping and consequent elimination 
bonds least reduction bond 
current, percent reduction leaks 
can attained. However, far the 
percent, Category leaks are con- 
cerned, obvious that would 
far cheaper let these super-concen- 
tration cells “burn through” than at- 
tempt supply enough cathodic pro- 
tection the bare pipe stop them. 
And finally means that when 
Category leak due inadequacy 
the remote criterion discovered, the 
rectifier output raised approach 
meet the requirements the next 
higher criterion that more leaks 
occur this area for this cause, then 
eventually another percent reduction 
leaks can attained. believed 
then, considering all four types leaks, 
that during some future five year period 
the leak frequency may reduced 
one per year lieu the two per year 
record for the first five year period. 

Having reviewed the leak record and 
analyzed the leaks, then necessary 
determine whether not this solid 
protection system economically justi- 
fied. 

The original explained the 
physical need for such system based 
mounting leak record, several hun- 
dred bell hole inspections, and long 


(370-70) 


CATHODIC PROTECTION AND HIGH RESISTIVITY SEQUEL 


PROTECTION ... 


SPOT 


TOTAL 


YEARS 


Figure 2—Leak record with protection, spot protection and full protection. 


lines survey which revealed 835 anodic 
areas. The average cost per year for 
these five years including power, main- 
tenance, and depreciation $43,000. The 
average cost per leak $1,500. this 
rate obvious that the system pre- 
vented only leaks per year from oc- 
curring, savings would amount $45,- 
000 which would more than pay for the 
operation the system. Following the 
leak frequency curve Figure the 
number leaks prevented was 


per year average—a 


value $90,000, and net saving 
$47,000 per annum. Those who are fa- 


miliar with the various methods plot- 
ting estimated leaks without cathodic 
protection will appreciate the conserva- 
tive method used. 

Comparison the cost estimate made 
five years ago with the actual results 


Power 

Power was estimated $21,486 per 
year and turned out $20,116 
percent less, due partly increased 
average efficiency result replac- 
ing seven single phase units with three 
phase, and partly the fact that aver- 
age output the system over the 
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Figure 3—Pipe to soil potentials over 10-inch coated line without bond. Curve A represents reading before 
taping bare line under protection; Curve represents reading after taping. 


TABLE 2—Estimated Comparison Protection Criteria for 350 Miles Bare Pipe 


High Resistivity Soil 


No. | Criterion 


period was only percent the 
minimum desired output. 


Maintenance 

Maintenance was originally estimated, 
rather underestimated $100/unit/ 
vear for total $2,500 and turned out 
$17,008. the time the engineer made 
this estimate, was not aware the 
extent which: 

(a) Termites attack neoprene jack- 
eted-rubber insulated ground bed cables, 
nor the extent which, 

(b) ground resistances 
would rise during drought periods, 
necessitating replacement with higher 
voltage rectifiers adding rectifiers 
series obtain necessary voltage ca- 
pacity insure adequate current output, 
nor the fact that, 

(c) Lightning would prove too much 
for pellet type protectors used recti- 
fier outputs, necessitating their re- 
placement with the Thyrite Type, nor 
the extent which, 

(d) Farmers the vicinity ground 
beds stapled their fencing trees. This 
allowed trees pick current which 
proceeded take the easy low resistance 
route along the fence the pipe cross- 
ing. The current then severed the fence 
wires jumped into cathodic tree 
trunk, thence off anodic roots the 
pipe. For this reason pipeliners either 
insulate the fence from the trees sub- 
stitute good dry fence posts. 


Depreciation 
These few lessons from the school 
experience are already proving valuable 
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Units Now Av. Density Cost 
Req’d Protected | Ma/Sq. Ft. | $/Mi./Yr. 
110 


holding the cost mainte- 
nance and improving system operation. 

Depreciation was originally $5,625 per 
year, but actually ended $6,075 due 
adding $9,000 capital investment 
1955 for 3-3 phase rectifiers, 
generator sets and air patrol signals. 

This sequel would not complete 
without discussion the estimated 
costs protection other commonly 
used criteria had been used. Table 
estimate, listing various design cri- 
teria ascending order number 
rectifiers required, current pro- 
duced and cost per mile. 

Number one Table the remote 
electrode criterion alone used lower 
pipe soil potential 0.3 volt. ex- 
plained previously was found that this 
criterion was not adequate all cases. 
units give estimated percent 
protection when operated average 
current density 0.20 ma/sq ft, then 
operated 0.22 ma/sq ft, its require- 
ments are exceeded percent 
far this criterion concerned. How- 
ever, augmenting this criterion with 
the 2-electrode tests check, 
believed that 100 percent protection can 
attained with the same number 
installations before, but operating 
percent increased output. Ac- 
tually some units will remain 
same output while occasionally tests 
may require that one raised much 
percent order suppress cer- 
tain areas. Criterion then very close 
the present The McCollum 
Earth Current Meter placed 
tion with the same number units 
and current density No. result 
tests made anodic spots midway 


between all rectifiers. The ECM checked 
the combined remote plus 2-electrode 
specifications, but course more 
time consuming method which few 
gineers use today. 


The remaining criteria represent increas 
ing high resistivity soils. 
The commonly used “over the pipe” loca! 
electrode, 0.3 volt difference, 
175 units and producing current dens- 
mile would amount $215,000 exces 
sive cost per year, $1,075,000 for 
five year period and would have pre 
vented only three leaks due 
quacy the remote criterion and 
due below par area. 

The 1953 paper mentioned that 
percent complete, similarly designed rec- 
tifier system was being installed the 
remaining 110 miles inch bare pipe 
from Atlanta Chattanooga. This sys- 
tem was completed November 
and its five year period was Novem- 
ber this year. The average current 
density, 0.42 milliamps per ft, twice 
that the 350 miles, inch line and its 
rectifiers protect average 8.3 
miles each compared mile 
average the inch Soil re- 
sistivities going north from Atlanta are 
apparently only 50-60 percent 
those from Atlanta southward the 
Gulf. 

Remote electrode design, interest- 
ing note, automatically takes soil re- 
sistivities into account spacing 
rectifiers. Seven leaks have occurred 
the months since system completion, 
which three are Category two 
Category and two Category 
Although cost per mile this system 
expected greater due lying 
lower resistivity soils, economics this 
design will easily justified when final 
leak record analysis and comparison 
with other criteria made. 

Although corrosion engineers the 
soil areas have found 
little use for the remote 
placement the copper-sulfate half-cell, 
admirably suited for use the 
ultra-high resistivity soils 
cally taking into account the large 
drop the soil. This large drop oc- 
curring between the bare pipe and 300 
feet high resistance soil remote 
earth comparable the large 
drop (pipe soil potential) occurring 
between thinly but well-coated pipe 
and only two three feet soil when 
measured conventional manner 
electrode over the pipe. The coating 
represents practically all the drop over 
3/32 inch thickness. bare pipe the 
ultra-high resistivity soil 
thought being very imperfect 
coating many feet thickness, but 
nevertheless effective producing low 
attenuation characteristics when cathodic 
protection applied and measurement 
made include the full drop across 
the thick coating. 

When testing coated pipe high 
resistivity soil found that differ- 
ences potentials with rectifier “On” 
and “Off” are only slightly greater with 
the remote electrode than with the local 
electrode. This because the soil drop 
only small percentage the total 
drop. bare pipe these differences are 
much greater because drop through 
the soil becomes high percentage 
the total drop. 

The school thought which advo- 
cates the elimination all soil drop 
taking measurement the pipe sur- 
face obtain true pipe potential surely 
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realizes that without soil drop, pipe 
potential would zero, drop 
helps put potential the pipe sur- 
face, the question arises why all 
should not included measure- 
ments. 

believed, current density re- 
quired for protection lessens soil re- 
sistivity increases, then potential cri- 
terion needed that will automatically 
detect and correct for the particular soil 
being tested. This what the remote 

2-electrode criterion does. Testing and 
design this basis will result less 
overprotection than the local electrode 
criterion, yet the two-electrode portion 
the test will, with rare exception, 
assure adequate potential suppress 
any local anodic spot encountered. 


Summary 
summary can said that: 


(1) Although cathodic 
one the most desirable investments 
pipe line can possibly make, many thou- 
sands dollars are doubt wasted 
annually over- -design due the fact 
that excessive protection not easily 
apparent. 

(2) The five year test experience with 
this system has proven the author the 
advisability and excellent economics 
approaching the question “minimum 
current requirements” from the low side 
rather than the high side. 


(3) Although spot protection system 
for bare pipe will give excellent return 
investment, believed that most 
cases solid protection system based 
the remote electrode—2 
terion design will produce even more 
favorable return. 

(4) Engineers are cautioned against 
use other criteria high resistivity 
soils representing overprotection, ex- 
cessive increasing problems 
tures. 

(5) Engineers having plant located 
the lower resistivity soils are invited 
test this dual criterion (as, for example, 
between two existing rectifiers de- 
termine first hand suppression can 
accomplished with less power.) 
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DISCUSSIONS 


Questions Maitland, American 
Telephone and Telegraph Co., New 
York, 

Please more detail the 
remote—2 electrode method meas- 
uring protection criteria. 

2.How can effect high negative 
soil potentials structures parallel 
the pipeline within mile the 
ground bed reduced? 

Mention was made the speaker 
that bonding between the pipeline and 
foreign structures will required 
reduce interference effects. 
author agree with this and his com- 
pany agreeable supplying the cur- 
rent necessary nullify the effect 
the interfering current the foreign 
structure? 


Replies Van Nouhuys: 

procedure followed using 
the combination remote-2 electrode cri- 
terion was follows, 

(a) Place interrupters different time 
cycles adjacent rectifiers and pro- 
ceed location the anodic spot 
nearest the electrical center. 
electrical center meant the point 
intersection the respective pipe 
soil potential difference curves. 
this point each rectifier generates 
the same p/s potential difference 
which should not less than 0.15 
volts remote electrode. Assum- 
ing find that with both units 
have 0.3 volt more p/s poten- 
tial than with both units off, are 
then ready for, 

(b) two-electrode test previously de- 
scribed (see references and 2). 
the location does not test anodic 
with both units off, the next nearest 
location should tried. Usually 
anodic test can found best ad- 
jacent swamp, creek crossing, 
road ditch. Assuming anodic 
readings average millivolts with 
both units off, least millivolts 
cathodic indication should 
tained with both units on, other- 
wise rectifier tap-up warranted. 

was previously mentioned, the 
0.3 volt difference criterion satisfied, 
the second test also usually satisfied, 


SEQUEL 


but since this not always true the 
2-electrode test should made when 
checking out the system. The remote 
electrode test may said insure 
economy design while the 2-electrode 
test the watchdog insuring against 
overly intensive local calls breaking 
through the defensive system. 


2.Such pickup potentials, named 
because they indicate current pickup, 
have effectively been reduced farm 
fences lying close proximity 
ground beds, inserting strain in- 
sulator each strand barbed wire 
intervals 100 feet-300 feet re- 
quired the particular installation. 
suggested that installation insula- 
tion joints other structures such 
communications cables, pipe lines, rail- 
way tracks, would similarly ef- 
fective. 

During the last three years 
have found actual tests similar 
that described Figure that bonds 
bare line under cathodic protec- 
tion can successfully eliminated 
coating the bare line for adequate 
distance. Bare lines with their high 
current requirements can ill afford 
heavy foreign line drains, since every 
ampere the bond total loss 
the line under protection. have had 
three leaks attributable allowing bond 
currents foreign lines which had un- 
knowingly reduced our potentials below 
their safe minimum. Although the prac- 
tice bonding old one, the author 
the opinion that where possible, 
independence structures preferable 
for the following reasons, 

(a) eliminating bonds, interstructure 
resistance raised, lines 
pick less current, and hence dis- 
charge less. 

(b) Any serious tendency foreign 
structure discharge can largely 
eliminated coating the line under 
protection the crossing, and add- 
ing cathodic protection the for- 
mer inasmuch cathodic protection 
all coated structure now recog- 
nized good policy and fast be- 
coming standard practice. 

(c) Foreign structures have the past 
suffered leaks due open bonds 
caused lightning. Independent 
systems would eliminate many hours 
calculations, tests, meetings, bond 
adjustments, and headaches for the 
foreign line engineer whose poten- 
tials are always varying due bond 
current variations over which has 
little conrol. 

(d) From the standpoint 
tected line engineer, careful survey 
must made each time approves 
new bond, determine the extent 
loss protection. new lines 
continue increase, this re- 
sults creeping paralysis which 
saps the strength the protected 
line requiring tapup even addition 
new rectifiers. cases where 
line receiving approximately the 
same amount giving other 
points, all well. But where the 
situation one-sided and the cur- 
rents are appreciable magnitude 
such was the case one foreign 
structure which had ten 
total amperes, management 
felt justified requesting remunera- 
tion view cost $4.50 per 
ampere per month. 
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Figure 1—Test assembly. 


Figure 2—Sensitized Type 304 stainless steel speci- 

men after a 48-hour exposure to water containing 

10 ppm Cl, pH 6-8, at 185 F. Specimen was in Run 

K. Note discolorations. 4X magnification with one- 
half reduction. 
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Chloride Stress Corrosion 


Cracking Austenitic Stainless Steel— 


Introduction 
IFTEEN YEARS ago, reported in- 
cidents stress corrosion cracking 

austenitic stainless steels were rare. 

The increased use stainless steels dur- 

ing the past few years has resulted 

great rise such The major 

offenders have been aqueous chlorides. 

The tendency stressed austenitic 

stainless steel crack when exposed 

chloride-bearing water elevated tem- 
peratures (500 well 

However, only few cases chloride 

stress corrosion cracking dilute solu- 

tions temperatures below the boiling 

point water have been 

This fact alone indicates that reduc- 

tion temperature must lead re- 

duction the susceptibility austenitic 

stainless steel this type attack. 

test program was undertaken deter- 

mine the susceptibility austenitic 
stainless steels stress corrosion crack- 
ing dilute sodium chloride solutions 
between the temperatures 165 and 

200 The design the test was pre- 

pared with the aid the Bettis Statisti- 

Staff. 

Stressed U-bends were selected 
corrosion specimens since experience has 
shown that this type specimen serves 
convenient means obtaining 
qualitative addition, 
the large amount data collected with 
this specimen 500 would avail- 
able for comparison with 
observed the lower temperatures. 


Experimental 


The tests were performed large 
cylindrical pyrex container measuring 
inches. The container was 
fitted with plexiglass cover 
containing sampling tube, electri- 
cally driven stirrer, immersion heater, 
and thermometer (Figure 1). The 
U-bend specimens were hung from 
precorroded stainless steel stand. 

AISI Types 304 and 347 stainless steel 
specimens were investigated. Since the 
objective the test was determine 
the maximum concentration chloride 
incapable initiating stress corrosion 
cracks the U-bends the test tem- 
peratures, safe population sample size 
was required. For instance, the observa- 
tion one crack only ten specimens 
could actually mean 460 cracked speci- 
mens 1000 were tested with percent 
confidence. the other hand, 
cracks were observed ten specimens, 


% Submitted for publication December 30, 
1957. A paper presented at the 14th Annual 
Conference, National Association of Corro- 
sion Engineers, San Francisco, March 17-21, 
1958. 


Effect Temperature and pH* 


Abstract 


Overstressed U-bends Types 304 and 
347 stainless steels were exposed water 
containing chloride ions to determine the 
susceptibility these steels stress 
corrosion cracking between the tempera- 
tures 165 and 200 The was 
controlled at 6.5 to 7.5 and 10.6 to 11.2 
for the tests. At the high pH, cracks 
appeared at the edges with little evidence 
of pitting. At the neutral pH, cracks 
were found at the edges and associated 
with pits. Sensitized Type 304 had longer 
and deeper cracks than annealed Types 
304 and 347 in the same exposure time. 
Conclusion made that chloride stress 
corrosion cracking of these steels in the 
temperature range of 165 F to 200 F is 
less severe than that experienced at 500 F 
and that specific conditions are required 
for corrosion cracking to occur at all. 

2.2 


many 330 cracked specimens might 
the result 1000 were 
sample size specimens each ma- 
terial per test run was used. any 
cracks were found, the next lower con- 
centration chloride was tested 
until level chloride was found with- 
out causing cracks. certain the 
latter finding, the run would repeated 
several times and the results accepted 
true cracks were found. the 
test program progressed, became ap- 
parent that cracking was initiated less 
than hours. The test period was 
therefore standardized the 48-hour 
period. 

The U-bend specimens were fabricated 
from strips stainless steel measuring 
distance inch from the end the 
specimen along the center- 
line. These strips were machined from 
hot rolled, annealed and pickled plate 
yield microinches RMS better 
surface finish. piece each heat 
Type 304 stainless steel was sensitized 
heating 1200 for two hours fol- 
lowed air cooling. The sensitizing 
heat treatment was performed prior 
machining. The strips were bent around 
radius mandrel until the legs 
were parallel. thin strip aluminum 
oxide paper was placed between the 
stainless steel strip and the brass man- 
drel prevent contamination the 
brass. Stress was applied tightening 
the nut Type 304 stainless steel 
bolt and nut assembly placed through 
the holes each specimen leg de- 
flection approximately 0.02 inch. 

Each specimen was examined for sur- 
face defects fluorescent penetrant 
method (Magnaflux Super Pentrex, 
microscope 30X magnification. The 
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penetrant inspection served mass 
method eliminating grossly 
lefective specimens. Final specimen ac- 
ceptance was based the microscopic 
examination. Specimens with evident 
licks, gouges, scratches, rounded cor- 
ners, etc., were rejected, 

The specimens were suspended from 
the stand means small stainless 
steel hook placed the center each 
Austenitic stainless steel bolts, nuts, 
and stands were used minimize 
the effects galvanic currents. Indi- 
vidual specimens were separated 
placing small piece austenitic stain- 
less steel mesh between the specimens. 

normal test run was performed with 
U-bend specimens and liters 
solution. The plexiglass cover was 
tight fit order minimize evapora- 
tion during run. The initial water level 
was marked and maintained addi- 
tions distilled water, necessary. 
attempt was made control dissolved 
gases. Therefore, the equilibrium oxygen 
concentration for each temperature was 
test variable. The following oxygen 
concentrations were the average more 
than three runs each temperature: 165 
2.75 ppm 185 2.07 ppm 
200 0.88 ppm Chloride was added 
sodium chloride. All chemicals em- 
ployed were certified reagent grade. 
Solutions were stirred approximately 
500 rpm and heat was applied 2500- 
watt Cromalox unit controlled 
thermoregulator. 

After the test unit was assembled, the 
heater was turned and the solution 
temperature raised the specified tem- 
perature. complete chemical analysis 
for chloride, oxygen, pH, etc., was made 
after hours and the end the run. 
the completion run, the speci- 
mens were removed from the vessel and 
immersed flask containing deionized 
water. After rinsing, the specimens were 
air dried with clean acetone. Each speci- 
men was examined the penetrant and 
microscope techniques. Following the 
examination, each specimen was further 
stressed deflecting the legs addi- 
tional 0.100 inch. This operation opened 
the existing cracks and helped make 
them more visible. Applied untested 
specimens, the same technique failed 
produce cracks, thereby proving the ade- 
quacy the method. Crack indications 
were then sectioned and metallographi- 
cally examined for verification. 


Tables and list the heat numbers, 
certified analyses, and mechanical prop- 
erties each heat tested. 


Results 


Table summarizes the test condi- 
tions and results. Specimens exposed 
neutral water (Runs through 
exhibited numerous discolorations ap- 
pearing rust-colored spots. These 
spots were distributed randomly over 
the specimens (Figure but were more 
numerous the sides tension. Fig- 
ures and show typical stress corro- 
sion cracks. All cracks were associated 
with rust spot. Pitting was also found 
discolorations the runs performed 
6-8 (no chemical 


Early results indicated that the aus- 
tenitic stainless steels were susceptible 
chloride stress corrosion cracking 
the relatively low temperatures the 
test (Table 3). the chloride level was 
reduced, the size cracks decreased and 
examination became more difficult. The 
restressing the specimens 
best aid post-test examination. Little 
difference was found between the effect 


CHLORIDE STRESS CORROSION CRACKING AUSTENITIC STAINLESS STEEL 


Figure 3—Crack seen discolored area sensitized Type 304 stainless steel specimen after 48-hour 
exposure water containing 220 ppm 6-8, 200 Specimen was Run 20X. 


Figure 4—Photomicrograph of crack seen in Type 347 stainless steel specimen after a 48-hour exposure to 


water containing 25 ppm Cl, pH 6-8, at 200 


concentrations, the solution 165 was 
slightly less aggressive than 200 
The addition excess oxygen (Run 
increased the attack. This can seen 
comparing Run with Run 

Sensitized Type 304 
reacted somewhat differently than the 
“as received” steels. Cracks the sen- 
sitized stainless steel (Figures and 
were usually predominantly intergranu- 
lar. The unsensitized stainless steels 
cracked transgranularly. general, the 
sensitized material showed deeper and 
longer cracks. 

All specimens tested the neutral 
without chemical additives had nu- 
merous pits, Since pitting austenitic 
stainless steels aqueous chloride 
reaches maximum 185 Runs 
and were carried out this tempera- 
ture test the effect increased pitting. 
marked increase both pitting and 
cracking was observed. was therefore 


Tested Run 100X; etchant. Chromic acid, electrolytic. 


decided perform the majority the 
remaining tests 185 

Previous tests performed with U-bends 
austenitic stainless steel 500 have 
shown tendency the part phos- 
phate ion alkaline media inhibit 
chloride stress corrosion cracking. Like- 
wise, pitting was rarely seen under these 
conditions. was with this background 
that Runs through S-2 were performed 
with and NaOH. Under 
these conditions, stress corrosion crack- 
ing was prevented 185 even with 
550 ppm chloride. The 48-hour test 
period was considered sufficient since 
Runs and 312, 523 and 480 
hours respectively did not increase the 
number specimens cracked. these 
runs the specimens were initially exam- 
ined after hours and all uncracked 
specimens were returned the solu- 
tion. None these specimens cracked 
during the remainder the test interval. 
This result indicates that even tem- 
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peratures 165 200 stress corro- 
sion cracking rapid phenomenon, oc- 
curring less than hours. autoclave 
tests 500 similar results were ob- 
tained with specimens cracking during 
the first hour test temperature, and 
increase cracking was effected ex- 
tending the test period. 

unusual result the runs made 
with alkaline phosphate was the effect 
sitized Type 304 U-bends. the chloride 
concentration was high (550 ppm) and 
the phosphate concentration low (120 


ditions, 
sensitized steel. 


cracks. 


TABLE 1—Chemical Analyses Materials Tested. 


several severe pits were formed 
the sensitized U-bends. 
and show these pits. Under these con- 
the pits developed only the 
None the specimens 
had cracks. increase the phosphate 
concentration, approximately equimolar 
with the chloride ion (Run P), resulted 
all specimens free pits and/or 
This result interpreted in- 
dicate the peculiar influence the phos- 
phate ion and not the rise alone 
since both runs (high and low phos- 
phate) the was 11.0 adjusted with 


| Type |—— 7 — 


O19 | 


O11 


015 | 
O14 | 
.030 
.023 


.023 
O15 
O15 


TABLE 2—Mechanical Properties Materials Tested. 


Type Steel 304 
Tensile Strength (psi) . 80,000 
Yi ield Strength (psi). . 30,000 
Percent Elongation in 2 inches 63.0 
Percent Reduction in Are a. | 
Rockwell B........ | 
Grain Size..... mer 4-6 


_ Heat numbers 3X8946, 13636, 3X8965, and 16104 were experimental heats Or by the U. 
Com pany. No mechanical properties were reported. 


No. (NaCl) | degrees F- pH | Heat No. | 


334220 
D 200 | 200 6 8 | 334220 

5 334220 


G 10 | 165 6-8 3X8946 


200 6-8 3X8946 
J 25 185 6-8 3X8946 
185 6-8 3X8964 
165 6-8 3X8946 
200 
185 
S-2 185 
I 50 185 10.7—11.4 

7.0 
100 185 7.7 


' Not stressed additional 0.1 inch, rerun in G. 
2 All sensitized Type 304 SS specimens had deep pits. 
3% Specimens had tiny pits and rust spots. 
4 Rust spots, no pits. 


Heat No. 13205 


334220 


| 46324- 1A | “64319 AD | 


TABLE 3—Test Results. 


87,800 
43,000 


Figures 


42, 000 


S. Steel 


sodium hydroxide. Safe inhibition 
the phosphate ion was also found 
Runs and where the phosphate ion 
concentration was adjusted equi- 
molar with the chloride ion. Runs 
and S-2 were made determine whethe~ 
the pitting the 
result insufficient phosphat: 
could arrested with addition 
phosphate. This did not prove 
true. Where severe pitting occurred 
Run pit depths were measured 
the specimens returned Run S-2, Th: 

Since the addition disodium phos- 
phate plus sodium hydroxide equiva- 
lent the addition trisodium phos- 
phate alone (assuming negligible 
excess sodium hydroxide), two tests 
were run and with the addition 
trisodium phosphate directly. Results 
were good and the method simple. 
possible disadvantage the lack 
control. Large quantities phosphate, 
added trisodium phosphate, will raise 
the over 11.0 and possibly over 12.0. 
This may detrimental some mixed 
metal systems. 

test the effect alkaline pH, 
run (V) was made with the raised 
8.8 sodium hydroxide alone. Under 
similar conditions without 
droxide (Runs and K), cracking 
100 percent the specimens was 
noted. The run with sodium hydroxide 
resulted cracking (no 
cracks observed specimens). The 
results this run are interpreted 
illustrate the inhibiting influence the 
alkaline addition. Table shows the 
drift with time presumably result 
carbon dioxide dissolution. After ap- 
proximately 100 hours, the 
dropped 7.0. The specimens were re- 
moved every hours for examination 
and then were returned the solution. 
Specimens did not crack even though 
they were returned solution with 
close 7.0. This result similar 
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Cracked r. Remarks 


| 
523 | 7 Type 304 as received, 8 Type 304, 
| 10 Type 347 specimens tested. 


48 | Oxygen bubbled through to yiell 
| | 16 ppm. 


ae | 120 ppm POs as NazHPOs + NaOH 


48 | “1475 5 ppm PO, as Naz HPO, - + NaOH 


| 48 535 ppm POs as Na2HPOs + NaOH 
| 48 150 ppm PO4 as Nav HPOs + NaOH 
| 72 100 ppm POs as Naz HPOs + NaOH 
| 48 200 ppm POs z as 
48 1475 ppm POs. a: 


192 pH originally adjusted rah NaOH 
204 1000 ppm KeCrOs added 
192 1500 ppm KeCrO4 added 


192 “1000 ppm Ks added 
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Figure 5—Transverse section through crack in sensitized Type 304 stainless steel specimen after a 
48-hour exposure to water containing 200 ppm Cl, pH 6-8, at 165 F. Specimen was in Run C, 100X; 
etchant: chromic acid, electrolytic. 


TABLE 4—Pit Depth Measurements Sensitized Type 304 Stainless Steel* 


PIT DEPTHS (Mils) 


First Hrs. After Additional Hrs. 
Specimen No. Pit No. Pit No. Pit No. Pit No. Pit No. Pit No. 
Measure 

4.16 1.77 20.54 4.68 3.19 

Measure } 


* Specimens were exposed to w: 


ater containing 550 ppm chloride and 100 ppm phosphate for 72 hours, then 


to water containing 550 ppm chloride and 1475 ppm phosphate for 48 hours. 


where specimens not cracking 
first hours did not crack later regard- 
less time. This effect attributed 
the formation protective film the 
specimens which not damaged the 
relatively non-corrosive environment. 
One more additive was investigated 
this program. had shown 
that boiler temperatures chloride 
stress corrosion cracking austenitic 
stainless steel occurred even without 
oxygen oxidizing agent such 
potassium chromate present. 
investigate the effect chromate under 
low temperature conditions, three runs 


(W, were performed with potas- 
sium chromate additions. cracks were 
found. There were numerous rust spots, 
but these did not contain pits cracks. 
Since potassium chromate hydrolyzes 
yield alkaline reaction, tests 
with potassium chromate yielded 
initial approximately 8.8. The 
drifted downward with time, finally 
leveling 7.7. Here again, speci- 
mens removed from solution 
turned did not crack regardless the 
downward drift pH. Although chro- 
mates are considered 
corrosion inhibitors, the prevention 
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Figure 6—Transverse section through crack in sen- 

sitized Type 304 stainless steel specimen after a 

48-hour exposure to water containing 200 ppm Cl, 

pH 6-8 at 200 F. Tested in Run D. 100X magnifica- 
tion with one-half reduction. 


chloride stress corrosion cracking 
austenitic stainless steel low tempera- 
tures with the addition chromate 
than anion inhibitor. The important 
point, however, the fact that chromates 
are not accelerators under these condi- 
tions. This means that chromates can 
added mixed metal systems oper- 
ating low temperatures prevent 
general corrosion without accelerating 
chloride stress corrosion attack stain- 
less steel. 


Discussion 


The results the test program are 
interpreted indicate that austenitic 
stainless steels are susceptible chlo- 
ride stress corrosion cracking aqueous 
solutions the temperature even 
low 165 200 The conditions 
which give rise cracking, however, 
are The must close 
7.0 when the bare metal exposed 
the chloride-bearing water. Since the 
stainless steels not crack severely 
under the low temperature conditions, 
cracking much more easily prevented 
than high temperatures (500 F). This 
observation based the fact that not 
all specimens crack, even 
Specimens exposed the water, with- 
out cracking, not crack repeated 
exposure. This indicates the formation 
protective corrosion film. This sim- 
ple pretreatment seems sufficient pre- 
vent cracking. The same result was ob- 
served adding sodium hydroxide 
yield initial 8.8. All these 
specimens did not crack even after the 
dropped 7.0, The addition 
potassium chromate also prevented 
cracking but survey literature data‘ 
gave the authors the opinion that the 
result was simply due the hydrolysis 
hibiting influence the chromate anion. 
Phosphate, however, acts inhibit- 
ing anion for sensitized stainless steel. 
insufficient ratio phosphate 
chloride ions resulted few relatively 
deep pits the sensitized stainless steel. 
The addition sodium hydroxide 
hydrolyzing salts alone prevents crack- 
ing all materials tested, but small pits 
were still observed the stressed speci- 
mens. 
Conclusions 


Cold worked and stressed austenitic 
stainless steels are susceptible chlo- 
ride stress corrosion cracking tem- 
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Figure 7—Sensitized Type 304 stainless steel specimen after a 48-hour exposure to water containing 550 


ppm Cl, 120 ppm POs, pH 10.8-11.0 at 185 F. Run was number O. Note deep pits. 20X. 


Figure 8—Photomicrograph showing pit seen Type 304 stainless steel specimen after 48-hour exposure 
to water containing 550 ppm Ci, 120 ppm PO,, pH 10.8-11.0, at 185 F. Tested in Run O. 100X. 


peratures low 165 200 with 
little ppm chloride the water. 
There little difference between the 
resistance Types 304 and 347 stainless 
steel except where Type 304 
sitized. The sensitized austenitic stain- 
less steel cracks 
granularly and exhibits longer and 
deeper cracks than the unsensitized ma- 
Unsensitized material cracks 
transgranularly. 

The actual concentration dissolved 
oxygen between 165 and 200 has 
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slight influence the results. This was 
proven adding sufficient oxygen 
raise the concentration over seven times. 
increase percentage specimens 
cracking was found, but not all speci- 
mens cracked. 

ably through its reduction pitting 
the austenitic stainless steels aqueous 
chloride. The addition alkaline phos- 
phate gave evidence the inhibiting 
property the phosphate ion. con- 
centration alkaline phosphate, equi- 


will appear the June, 1959 issue 
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molar with the chloride ion concentra- 
tion, gave complete protection both from 
cracking and pitting for all the aus 
tenitic stainless steels tested. The phos. 
phate ion, however, was unsafe in- 
hibitor for sensitized austenitic 
steel since insufficient concentration 
led localized pitting attack. 

The addition sodium hydroxide 
potassium chromate was also beneficial. 
These results are concluded illustrate 
the inhibiting influence increased 
ion. 

Pre-exposure specimens without 
cracking, was sufficient pretreatment 
prevent cracking when the was 
reduced. 

The authors conclude that the chlo- 
ride stress corrosion cracking aus- 
tenitic stainless steel the temperature 
range 165 200 much less 
severe than experienced 500 and 
requires specific conditions for 
occur all. 
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Cathodic Protection Lead Cable 
Sheath the Presence Alkali 
From Deicing Salts Walter 
Bruckner and Lichtenberger. 
Corrosion, Vol. 14, No. 165t- 
170t, (1958) April. 


Bell Telephone Co., Chicago, Illinois: 


The authors are congratulated 
the work reported here. The attempt 
relate abstract theory simulated 
field conditions certainly laudable. 

the authors suggest, their con- 
clusion that lead cables might salted 
increase their service lives comes 
have observed definite correlation be- 
tween the presence deicing salt and 
corrosion failures where the cables have 
been cathodic. 

One the most gratifying results 
reported the paper was the produc- 
tion actual corrosion the lead 
cathodes. believe that this the first 
time cathodic lead corrosion has been 
obtained under controlled laboratory 
conditions, with perhaps one exception.* 
hoped that the authors will 
explore this matter further that 
eventually will understand. exactly 
what happens cathodic lead sheath 
when exposed deicing salt solu- 
tions. 


Lichtenberger: 


are pleased have Mr. Lowden’s 
comments and have him express his 
surprise that deicing salts could any- 
thing but disadvantage cathodic 
protection system for lead cable sheath. 

The burden the argument which 
presented our paper that 
under precise control the cathodic 
protection system with respect con- 
stancy current and full submersion, 
the presence uniform concentration 
deicing salts would provide more 
uniform distribution cathodic current 
the cable sheath. The unpleasant 
problems maintaining cathodic pro- 
tection system lead cable sheath 
underground ducts arise because the 
non-uniform distribution deicing salts, 
the attendant fluctuation current 
the system variation 
water level. Our paper has shown 
that possible have the cable 
sheath suffer corrosion loss even while 
under cathodic protection when the re- 
lationship the and potential was 
area defined the Pourbaix dia- 
gram. Since duct system has maxi- 
mum current input the lead cable 
sheath the joints other openings, 
potential gradients will exist simu- 
lated the gradient test cells described 
our paper. The data our paper 
show that corrosion loss such 
gradient system occurs first the part 
the lead cathode most remote from 


* W. S. Woodward, Bronx, New York. Private 
communication, 


the point where current enters the sys- 
tem. However, these data were obtained 
for constant current system whereas 
practice the current rarely constant. 
New data established since the paper 
under discussion was written show that 
corrosion lead cable sheath also can 
occur the high potential end the 
gradient cathode when the supply 
current the system 
varied. The reason for this occurrence 
that the overprotected region the 
cathode fails develop 
film; thus upon cessation cathodic 
protection current the region has 
maximum initial corrosion rate 
environment with maximum pH. The 
new data will incorporated paper 
presented the NACE 1959. 
should noted that the experience 
the field (namely, corrosion lead 
cable system regions maximum 
salting), has now been observed the 
laboratory when the discontinuous cur- 
rent supply service was simulated. 


Corrosion Rates Mild Steel NH, 
Solutions 
Norman Hackerman, Ray Hurd 
and Earl Snavely. Corrosion, Vol. 
14, No. 203t-205t, (1958) April. 


Comments Cartledge, Oak 
Ridge National Laboratory, Oak 
Ridge, Tennessee: 


Frumkins’ laboratory has been 
found from polarization measurements 
the absence oxygen that, the 
same potential, the anodic (corrosion) 
reaction 10° times faster alkaline 
solution than acidic solution. 
careful repetition these measure- 
ments Bonhoeffers’ laboratory, was 
found that the factor instead 
adsorption, greatly lowers the activation 
energy the anodic process, probably 
formation intermediate com- 
plex. may suggested that the 
ammonia system there may similar 
acceleration amide ions the 
adsorption which may prevented 
the sulfur-containing inhibitor. 


Reply Norman Hackerman: 


The authors wish thank Dr. Cart- 
ledge for this interesting suggestion. 
While did not make controlled meas- 
urements the corrosion rate defi- 
nite potentials, clear that the rate 
many orders magnitude faster here 
than the comparable acid system 
the activation energy the anodic proc- 
ess greatly lowered, but are not 
yet position describe the mecha- 
nism. The amide ion adsorption hypo- 
thesis definite possibility. Experi- 
ments carried out after the subject paper 
was presented have shown that nitrite 
ion formed during the corrosion proc- 
ess, but yet have not been able 
identify the presence 


Question Thomas Hoffman, Idaho 
Falls, Idaho: 


specific solution. What quantity 
percent caustic would required 
increase the 14? Under these con- 
ditions higher pH, would inhibition 
occur any type mild steel such 
SAE 1020? 


Reply Norman Hackerman: 


The addition percent caustic 
this solution would result the libera- 
the solution would essentially NaNO; 
and NaOH water. The amount required 
would that necessary convert the 
NaNOs, drive off most 
the and then raise the 
solution 14. Since the solution 
now entirely different, not know 
whether not mild steels would in- 
hibited the thiocyanates, but 
not recall offhand any instances thio- 
cyanate inhibition solutions this 
type. 


Methods for Increasing the Corrosion 
Corrosion, Vol. 14, 229t- 
236t, (1958) May. 


sium Electron Limited, Manchester, 
England: 


should like compliment you 
the publication outstanding article, 
and the author very well considered, 
and clearly thought out exposition 
the subject. there little that en- 
tirely new, the simple direct approach 
very refreshing, and. the arguments 
general are unassailable. However 
purpose writing not merely add 
tribute the many which sure 
you will receive but comment cer- 
tain details the author’s conclusions. 

Table section second part, 
question whether the case man- 
ganese and zinc magnesium good 
example bringing about increase 
cathodic over-voltage. true that 
manganese, and probably zinc also, offset 
the lowering hydrogen over-voltage 
brought about iron—possibly 
shrouding the iron particles and thus 
forming less effective cathode, but this 
not quite the same thing. Manganese 
however very much more effective 
this respect than zinc, yet the over- 
voltage zinc and manganese are prac- 
tically the same (0.39 volt percent 
sodium chloride solution according 
Hannawalt).* thus appears that some 
other explanation required for the 
things are noticeable the corrosion 
the binary alloy magnesium and man- 
ganese. One that the manganese seems 
chiefly effective when present 
solid solution (apart from its blanket- 


* Corrosion Studies of Magnesium and Its Al- 
loys. Technical Paper No. 1353, American 
Institute of Mining Engineers, 
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ing effect iron particles mentioned 
above). Once particles manganese 
manganese/iron are present corrosion 
resistance much less marked, presum- 
ably because the manganese particles 
are themselves fairly effective cathodes. 
The other point that there seems 
kind threshold value corrosion 
severity below which corrosion almost 
absent but above which can very 
rapid. Unlike most other magnesium- -rich 
alloys the magnesium- manganese binary 
alloy strongly corrosive conditions 
becomes subject heavy attack iso- 
lated points area otherwise quite 
free from corrosion. would seem that 
the manganese plays the part 
anodic inhibitor, that inhibits attack 
anodic points, and, like all anodic in- 
hibitors, concentrates attack weak 
points when the corrosion pressure be- 
comes too severe for complete protec- 
tion. 


alternative explanation that the 
manganese passes into solution with the 
corroding magnesium and redeposited 
gelatinous hydroxide the cathodic 
areas. This latter view finds some sup- 
port from the yellowish brown color 
which often makes its appearance 
corroded specimens the binary alloy. 


the second theory true, then the 
use manganese magnesium alloying 
ought find place Table part 
Reduction Microcathode Areas, 
auto-blanketing freshly exposed 
cathodes. the other hand the first 
suggestion the true 
should appear the third section 
the table further example, (d), 
the group “Introduction Constituents 


Increasing Passivation the Anode 
Phase.” 
The above properties manganese 


appear shared some extent 
zirconium. 

would like also comment the 
author’s conclusion that reduction the 
alloy anode activity offers the greatest 
possibilities producing electrochemi- 
cally corrosion resistant alloys and the 
example the high strength aluminum 
alloys containing magnesium which 
quotes support this. The statement 
true general corrosion but the very 
fact that the intergranular constituent 
made anodic the general background 
renders the alloy sensitive intergranu- 
lar attack. The method therefore would 
seem result exchanging one 
desirable feature for another which may 
even worse. 


The decrease corrosion 
magnesium contaminated 
iron, associated with supplementary al- 
loying with manganese, seems have 
several causes. Eventual fixation part 
the iron melted magnesium, due 
the formation the scarcely soluble 
intermetallic compound iron and man- 
ganese the refining magnesium) 
one factor. Such mechanism not 
essentially associated with the manga- 
nese remaining solid alloy. 
known, however, that the increasing 
pared technical magnesium also aug- 
ments its corrosion resistance. This 
augmenting could result because: 


The presence manganese 
solid solution hinders the normal course 
anodic dissolution magnesium, 
the manganese this particular case 
plays, Mr. Higgins asserts, the part 
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anodic inhibitor. Moreover, the man- 
ganese contained technical magnesium 
can decrease the rate its corrosional 
destruction through slackening the 
cathodic process (increasing hydro- 
gen 


The cathodic braking, brought 
about manganese, can accom- 
plished two ways: 


(1) Secondary segregation 
solution cathodic regions (or 
intermetallic compound Fe-Mg) the 
form colloidal hydroxides, 


(2) Direct formation intermetallic 
compounds and solid solutions (Fe-Mg) 
(Fe-Mg-Mn) having considerably 
lower hydrogen overpotential com- 
pared with the same metallic phases but 
without manganese. 


the receipt more exhaustive 
quantitative data the question about 
the principal influence manganese 
could reconsidered. that time, 
Mr. Higgins observes quite correctly, 
the example question would take 
new place Table 


agree that the reduction the 
anodic phase area occasionally could 
result the development more dan- 
gerous local corrosion, such 
crystalline pitting corrosion. But our 
example increasing the corrosion re- 
sistance the high strength aluminum 
alloys with 5-9 percent (not per- 
cent misprinted the article) pertains 
these cases heat treatment, which 
assure the formation more fine and 
clear-cut boundaries and 
upon the development intercrystalline 
corrosion the alloy. 


Corrosion Steel Water Varied 
Ratios Dissolved Gases 
Wade Watkins and Kinche- 
loe. Corrosion, Vol. 14, 341t-344t, 
(1958) July. 


Question Joe Chittum, Whittier, 
California: 


have obtained comparable results 
with systems and were inter- 
ested the data presented this paper. 
were unable make comparison 
betw een our results and those reported 
the paper for various reasons, one 
which that the authors not give 
the surface area factor. think that 
the ratio actual measured surface 
area should reported. Has the surface 
area factor been obtained? 


Reply Wade Watkins: 


specimens used for the experiments re- 
ported the subject paper were calcu- 
lated from measurements the indi- 
vidual steel specimens and were not 
measured directly. Therefore, the ratios 
actual measured surface areas were 
not obtained. Resultant variations the 
actual surface areas different speci- 
mens might have resulted slight errors 
the calculated and reported corrosion 
those particular specimens. However, 
the trend results should 
mained unchanged. Also, 
plotted represented the arithmetic mean 
the corrosion caused several test 
specimens, and the calculated variance 
between individual specimens was such 
that gross errors measurements 
were 
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Question Lee Craig, Jr., Reynolds 
Metals Co., Richmond, Virginia: 


Did you determine the effect tem- 
perature the corrosion rate any 
preliminary experiments? would like 
call your attention the work Van 
Rysselberghe and Delahay the action 
oxygen and carbon dioxide the 
corrosion steel aqueous solutions. 
They show the formation percarbonic 
acid which active corrodant 
steel. possible that the hydrogen 
sulfide interferes this reaction, per- 


haps forming 
acid? 


Reply Wade Watkins: 


The effect corrosion rates tem- 
perature changes over limited range 
about 120 F), was determined 
before parameters were established for 
the described experiments, Increases 
corrosion were reasonably linear with 
increases temperature over the cited 
range. The operating temperature 
was arbitrarily selected repre- 
senting reasonable temperature for 
injection water under field conditions. 

The reference the work Van 
Rysselberghe and Delahay been 
noted with interest. the Bureau 
Mines experiments definite lessening 
the corrosion rate caused dissolved 
tree carbon dioxide occurred the pres- 
ence dissolved hydrogen sulfide. Al- 
though several reactions were considered 
possible causes the exhibited in- 
hibiting effect hydrogen sulfide, the 
cause has not been established and logi- 
cally might the subject additional 
research. 


The Corrosion Behavior Zirconium- 
Uranium Alloys High-Tempera- 
ture Water Warren Berry and 
Robert Peoples. Corrosion, Vol. 
14, 414t-418t (1958) Sept. 


Question Cornelius Groot, Richland, 
Washington: 


The poor corrosion resistance high 
uranium alloys the uranium-zirconium 
system was explained inherent 
property the uranium phase. One 
would expect any high uranium alloy 
contain uranium phase. Does this 
imply that all high uranium alloys must 
have poor corrosion resistance? 


Reply Warren Berry and Robert 
Peoples: 


All high-uranium alloys not neces- 
sarily contain alpha-uranium phase 
and, hence, have poor corrosion resist- 
ance. Several alloys, notably those con- 
taining percent molybdenum 
percent niobium, are sufficiently corro- 
sion resistant for reactor applications 
when rapidly quenched from the high- 
temperature gamma phase 
tion the two elements). These alloys 
eventually fail cracking from internal 
hydriding, described Burkhart and 
Lustman.* Alloys containing lesser 
amounts niobium possess retained 
alpha structure upon rapid quenching 
from the gamma phase field. This struc- 
ture also corrosion resistant high- 


* Corrosion Mechanism of Uranium-Base Al- 
loys in High-Temperature Water. Trans- 
actions of Metallurgical Society of AIME, 212, 
1. p 26 (1958) Feb. 
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temperature water but slowly transforms 
alpha uranium and completely 
oxidized within two three weeks’ ex- 
posure 600 (315 C). 

The zirconium alloys this program 
were studied the annealed condition. 
explained the paper, this condi- 
tion would least likely result 
cracking-type failure. However, the 
gamma phase can retained rapid 
quenching alloys containing 
through percent uranium. alloys 
more than percent uranium, the 
gamma phase transforms the less 
resistant alpha uranium the test water 
temperature and the alloys are rapidly 
percent uranium, the transformation 
the equilibrium phases epsilon plus 
alpha zirconium occurs more slowly. The 
hardness increase from the transforma- 
tion frequently results cracking 
these alloys. 


Comments Misch, Argonne 
National Laboratory, Lemont, Illinois: 


The authors have made valuable 
contribution existing information 
Zr-U alloy corrosion, especially 
lating corrosion microstructure. 

Besides the phase diagram the 
metals some attention should 
given phase relationships the ox- 
ides. and UO: have extensive 
range solid solutions which can 
attributed their favorable cation sizes. 
However, the protectiveness 
film much greater than that 
film. The conductivity the latter oxide 
suggests that can accommodate many 
more lattice defects than solu- 
tion the oxides formed alloy 
surface then the defects normally present 
UO, will diluted the more stable 
ZrOs.. 

The role oxygen can understood 
primarily precipitating zirconium 
from its solution the epsilon phase. 
The corrosion film the depleted areas 
will less protective and permit local- 
ized penetration. 

Other elements which could decom- 
pose epsilon removing zirconium 
would also dangerous. Carbon and 
nitrogen probably act this manner. 

Information the compositions 
the corrosion films would interesting, 
available. 


Reply Warren Berry and Robert 
Peoples: 


The comments Dr. Misch are both 
interesting and enlightening. Our corro- 
sion program did not include study 
the nature growth the corrosion 
films the zirconium-uranium alloys. 
did not obtain information the 
compositions the corrosion films. 


Comments Kass and Gold- 
man, Westinghouse Electric Corp., 
Bettis Plant, Pittsburgh, Pa.: 


The authors are complimented 
for their fine work studying and 
interpreting the corrosion behavior 
zirconium-uranium alloys high tem- 
perature water, general, the conclu- 
sions reached Berry and Peoples are 
agreement with work reported 

The major portion our discussion 
concerned with the general effect 
heat treatment the corrosion resist- 
ance various compositions (except 
single phase epsilon alloys) the Zr-U 


DISCUSSIONS 


system. certainly understandable 
why the authors chose study only the 
equilibrium structures, interest 
point out, however, that heat treat- 
ment does have pronounced effect 
many the alloys this system. 

has been reported that the 680 
water corrosion behavior zirconium 
alloys containing and weight per- 
cent uranium markedly affected 
prior thermal treatment.’ The data pre- 
sented Table show the influence 
heat treatment these alloys. 

noted that the specimens repre- 
senting the weight percent uranium 
alloy are most corrosion resistant (i.e., 
exhibit adherent growing oxide films) 
after vacuum annealing for hours 
550 and air cooling. 
havior noted for the weight per- 
cent alloy, where the more corrosion 
resistant form was obtained after vac- 
uum annealing 950 and quenching. 

Additional experiments with sponge 
zirconium base alloys containing 
weight percent uranium showed that 
the the least 
corrosion resistant form these 

The behavior the weight per- 
cent uranium sponge zirconium and high 
oxygen sponge base alloys, alternately 
showing adherent and nonadherent ox- 
ides, different from that noted Bettis 
where specimens from two sponge 
zirconium base alloys containing 
weight percent uranium corroded linearly 
600 and 680 water. Have the 
authors investigated the soundness 
homogeneity their percent uranium 
ingot? 

very interesting that the tech- 
niques for obtaining the authors’ corro- 
sion data were based upon the original 
area measurements. Perhaps the authors 
could explain the techniques for calcu- 
lating their corrosion rates, taking into 
consideration the changes area due 
metal loss from corrosion. 

There yet another point would 
like mention. That the variation 
corrosion rate with 
Results work Bettis, not yet pub- 
lished, indicate that the rate corrosion 
for given heat treatment increases 
linearly about weight percent 
uranium after which approaches 
exponential behavior. Your data indicate 
that, for sponge base alloys, the rate 
appears level-off with uranium con- 
tent beyond weight percent uranium. 
Would you care comment 
point? 


** Vacuum annealed 1 hour at 800 C, quickly 
cooled to 500 C, then ‘urnace cooled to 
room temperature. 
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Reply Warren Berry and Robert 
Peoples: 


have found our work Battelle 
that heat treatment affects the corrosion 
behavior zirconium alloys containing 
less than weight percent uranium. 
However, the effect has been the re- 
verse that presented Table 
has been our experience that alloys 
this composition range are more corro- 
sion resistant when rapidly quenched 
from the high temperature phase field 
than when cooled trans- 
formed temperatures 500 600 
The quenched alloys transform martensiti- 
cally and are more corrosion resistant 
than the furnace cooled transformed 
alloys which structures approach 
equilibrium. 

unusual that the zirconium-9 
weight percent uraninum alloy, which 
was annealed hours 550 
described Table should gain weight. 
The structure this alloy should ap- 
proach equilibrium epsilon and alpha 
zirconium. has been our experience 
that alloys with this structure not 
form adherent films but lose weight 
corrosion. The results presented Kass 
and Goldman Table are comparable 
with those obtained our work 
Battelle. The alloys which were quenched 
from the high temperature phase field 
were more resistant and exhibited ad- 
herent films and gained weight. Those 
which were transformed furnace cool- 
ing from above 850 annealing 
575 were not resistant and lost 
weight. The duplication corrosion re- 
sults presented Table for alloys with 
similar structures excellent. 

reply the question concerning 
the weight percent uranium ingot, the 
ingot appeared sound and homo- 
geneous. The build-up: and spalling 
the oxide these alloys appeared 
related the finely divided micro- 
structure. 

reply the question concerning 
the methods for calculating corrosion 
rates based the changing area due 
metal loss from corrosion, the technique 
was follows: Samples were measured 
periodically during corrosion testing. 


TABLE 1—Weight Change Alloys mg/dm’ After Days 680 Water 


(Kass and Goldman Discussion) 


950 


Weight 
Percent 950 C Furnace Air Cooled 
Weight Percent Uranium Zirconium Quench Cooled from 550 C 
TABLE 2—Corrosion Rate Alloys 
(Kass and Goldman Discussion) 
| —0.03 —0.03 +0.001 —0.04 | +0.001 —0.03 
—0.05 —0.05 +0.008 —0.06 | +0.006 —0.07 
—0.08 —0.08 +0.015 —0.09 +0.018 | —0.08 


* Furnace Cooled. 
** Quench. 
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average area was determined for each 
exposure period and corrosion rate 
was calculated based the average 
apparent area and weight loss for each 
period. Apparent areas changed much 
nium alloys after several thousand hours 
exposure 680 water. 

The linear increase corrosion rate 
with increasing content re- 
ported Messrs. Kass and Goldman 
not inconsistent with the results pre- 
sented this paper. The corrosion be- 
havior zirconium alloys containing 
percent uranium apparently de- 
termined the amount and distribution 
phases the alloy. The latter are 
influenced several factors: uranium 
content, oxygen content the alloys, 
and heat treatment and prior fabrication 
history. this paper, has been pos- 
sible account for anomalies corrosion 
results examination microstructures. 
Examination the microstructures 
the alloy series Messrs. Kass and 
Goldman may indicate the reasons for 
the linear increase in corrosion rates 
with increasing uranium content. 


Reference 


1.H. A. Pray and W. E. Berry. Corrosion of 
Uranium Alloys in High Temperature Water. 
BMI-874 (1953) Oct. 5. 


Removal Corrosion Products from 
High Temperature, High Purity 
Water Systems With Axial Bed 
Williams. Corrosion, Vol. 14, 424t- 
428t, (1958) Sept. 


Comments Pearl, General 
Electric Co., Atomic Power Equip. 
Dept., San Jose, Calif. 


believe the development program 
reported Messrs. Larson and Wil- 
liams has been very worthwhile. 
are looking forward obtaining actual 
plant performance data permit more 
accurate sizing the filter 
beds properly accomplish the objec- 
tives. 

have had occasion evaluate 
what the dollar savings would the 
utilization this magnetite filter prin- 
ciple for central station nuclear power 
plant. 

Let take the case high tem- 
perature water nuclear power plant 
(boiling pressurized) about 200 
cleanup flow rate about 100,000 Ib/hr 
(200 gpm) would the right order 
magnitude maintain residual total 
solids content about 0.5 ppm the 
recirculating coolant with mixed-bed 
demineralizer cleanup expected sys- 
tem corrosion rates. 


Utilizing Type 304 stainless steel con- 
struction, the major pieces equipment 
required for adequately sized cleanup 
system would assessed costs follows: 


Demineralizers 60,000 
Regenerative heat exchangers 40,000 
Non-regenerative heat exchangers 40,000 
Canned rotor recirculating pumps 25,000 

Total $165,000 


the cooling and reheating the 
100,000 water, net tempera- 
ture differential about 100 between 


Vol. 


TABLE (Paris Discussion) 


Year Maximum Penetra- 
Year Exca- Test, tion Corrosion 
No. Material Buried vated Years (in Millimeters) 
583 1951 1957 6% 1.9—1.9—1.8—1.7 
635 Unalloyed ductile iron samples. 1954 1957 
640 Unalloyed ductile iron 2 samples. . 1954 1957 3% 0.6—0.6—0.5—0.5— 
0.5 
647 Low-alloyed ductile iron. 1954 1957 3% 1—0.9—0.9—0.9—-0.9 
594 Semi- phosphorous gray iron of cur- 1954 1957 3% 1.3—1.3—1.2—1.2—1.2 
rent manufacture... 1951 1957 6% 2.2—-2—1.9—1.8—1.8 


the influent and effluent the cleanup 
system would expected. Considering 
only the net cost the fuel being 
wasted (at the rate mils per hr) 
and two refills resin per year, the 
total annual operating cost would 
over $25,000 per year. 

will assume that this system could 
replaced comparable sized mag- 
netite bed filter with small flow de- 
mineralizer unit accomplish soluble 
fission product removal. 


The demineralizer tanks could used 
for the magnetite bed container flow 
rates 12-15 gpm/sq ft. The magnetite 
could purchased commercially for 
about one-tenth the cost the com- 
parable resin. The entire equipment cost 
for such installation would probably 
under $65,000. The small demineral- 
izer system (about gpm) would also 
about $25,000 installed. 


The operating cost the magnetite 
bed filter and small demineralization in- 
stallation would nominal compared 
the large demineralization system 
since low heat losses are involved and 
the cost replacement magnetite 
only about one-tenth that the resin. 


From the above rough calculation 
appears that investment cost savings 
the order $75,000 and operating costs 
$20,000 per year can realized 
such magnetite bed filter can ade- 
quately provide the cleanup for large 
nuclear central power plant. 


The Corrosion Resistance Ductile 
14, 485t-492t, (1958) Oct. 


Comments Manuel, Socony 
Mobil Oil Co., New York, Y.: 


The “graphitic corrosion product” 
layer cast iron, pointed out the 
paper, consists more than graphite 
flakes. Microscopic examination some- 
times reveals structure this layer 
similar that the parent metal, with 
graphite flakes, phosphide eutectic, and 
lamellar carbides the pearlite all 
place. Only the ferrite corroded away, 
leaving sufficient residue oxides and 
silicious compounds hold the mass 
together. would interesting 
know whether the graphitic corrosion 
product ductile iron also has pseudo- 
morphic structure compared with its 
parent metal. Silicon may important 
for furnishing corrosion products which 
aid cementing the other residues to- 
gether. Since ductile iron and gray cast 
iron have similar silicon content, they 
would expected resemble each 
other more than either would resemble 
malleable iron corrosion behavior. 


Discussion) 


Maxi- 
mum 
Dura- | Depth 
Test, Milli- 
Material Years | meters 
Centrifugally cast gray iron... . 5% 0.8 
Unalloyed ductile iron. rere 5% 0.8 
Low Ni alloyed ductile iron. eax 5% 1 
Centrifugally cast gray iron.... q 0.9 


3 
Unalloyed centrifugally cast 
Low-alloyed centrifugally cast 


have not, yet, accumulated evi- 
dence show that graphitic corrosion 
product layer ductile iron has 
pseudomorphic structure such fre- 
quently observed with similar corrosion 
products gray iron. agree that 
the silicon ductile iron will contribute 
the consolidation such corrosion 
products ductile iron, and that, for 
this reason, ductile iron more likely 
behave corrosion-wise like gray iron 
than like malleable iron. 


Comments Michel Paris, Societe des 
Fonderies Pont-a-Mousson, Nancy, 
France: 


wish add some supplementary 
information two points put forth 
Mr. LaQue’s paper. The first point in- 
volves underground 


Underground Corrosion 


Since the conducting tests the 
two aggressive locations Bay Mont 
Saint-Michel and Touquet mentioned 
Mr. LaQue, have carried out more 
tests longer duration. 
were made two meter-long pipe sec- 
tions buried aggressive soil 
such depth that they were the edge 
the zone flooded sea water. The 
tests lasted from years. 


Table compares the results with 
those from the very clayey soil Tou- 
quet. The same comparisons are made 
with Mont Saint-Michel Table 

The resistance corrosion these 
tests almost the same for the differ- 
ent metals, with slight advantage 
shown for unalloyed ductile iron over 
low alloy ductile and gray iron. 


Corrosion Petroleum Tankers 


The second point question concerns 
corrosion petroleum tankers. 

not think that the role 
cathodic protection the case steel 
contact with ductile iron has been 
very great. not believe, either, 
that can explain the better behavior 
alloyed ductile iron. 

attached the bottoms two 
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TABLE 1—Corrosion Rates Alloys 3003 and 5052 Two 
Locations* (Godard Discussion) 


DISCUSSIONS 


CORROSION RATES—mpy 


Atlantic (Halifax, N.S.) Pacific (Esquimalt, B.C.) 


ALLOY 1 Year | 2 Years 


* From Reference 2. 


petroleum tankers making the run from 
the Persian Gulf Eastern Europe 
number samples piping about 
ten different irons. one these tank- 
ers the samples were electrically isolated 
from their attachments and from the 
rest the ship. 

Without the use cathodic protec- 
tion proved the excellent behavior 
alloyed ductile iron and its superiority 
over the unalloyed iron. not be- 
lieve that the role cathodic protection 
supplied steel components the case 
heating pipes was important. 

the case petroleum tankers trans- 
porting crude from the Persian Gulf 
Eastern Europe, believe the superi- 
ority alloyed ductile iron in- 
disputable. The heating pipelines fabri- 
cated with this iron and buried 1952 
showed traces corrosion, The 
charging pipelines examined after three 
years service were completely intact. 

have found, however, that there 
was rapid formation pits the 
pipes unalloyed ductile iron, with 
rapid decrease the speed corrosion 
after four years. This corrosion was not 
very serious, since very few (three 
four) pipes needed replaced 
four petroleum tankers thus equipped 
between 1951 and 1952. believe, how- 
ever, that the use alloyed ductile 
iron more sound practice. 


welcome the more extensive data 
soil corrosion tests ductile iron 
contributed Paris Pont-a- 
Mousson. This additional evidence 
the durability ductile iron under- 
ground applications. 

Unfortunately, there are not enough 
data measure precisely the contribu- 
tion that nickel makes the success 
ductile iron such tanker applications 
heating coils. may well that the 
pipes that contain nickel will resist cor- 
rosion somewhat more than unalloyed 
iron. However, noted Paris, 
even the unalloyed iron performs quite 
satisfactorily, and the extent its cor- 
rosion “is not very serious,” since only 
three four pipes have had re- 
placed four tankers service for 
trom six seven years. 

mentioned the paper, can 
safely await the development more 
practical experience assess the ad- 
vantage having some nickel ductile 
iron used tanker applications. 


Comments Sidney Low, Chapman 
Valve Manufacturing Co., Indian Or- 
chard, Mass.: 


The author complimented for 
making these data the comparative 
corrosion resistance ductile iron avail- 
able. 

particularly interested the 
comparisons pearlitic and ferritic 
matrix ductile iron, since there 
increasing trend among consumers 
require closer composition control along 


TABLE 2—Forgeson’s Data for 1100 Alloy* (Godard Discussion) 


YEARS YEARS 


* From Reference 4. 


TABLE 3—Weight Losses Three Alloys Three Exposure Sites (Godard Discussion) 


Halifax, N.S. 


WT. LOSSES EXPRESSED mpy 


Esquimalt, B.C. Harbor Island N.C. 


TABLE 4—Pit Depth Data for Three Alloys Three Exposure Sites (Godard Discussion) 


Halifax, N.S. 


MAX. PIT DEPTH, MILS 


Esquimalt, B.C. Harbor Island N.C. 


with carefully regulated ferritizing an- 
nealing 

Mr. LaQue’s data indicate, however, 
that certain piping applications which 
involve velocity turbulence sufficient 
interfere with the corrosion product 
layer, ductile iron with pearlitic matrix 
preferred over the same iron annealed 
produce principally ferritic matrix 
structure. 

Additional data would therefore 
most valuable, particularly the 
piping and fitting industry, relating the 
ferritic structure exposure more 
the various corrosive media listed the 
appendix. 

Since the structure ductile iron 
matrix can controlled the chemi- 
cal composition, and composition may 
subject restrictive specifications, 
clear definition the role carbon, 
silicon, nickel and phosphorus corro- 
sion would also prove helpful. 

hope that the author plans con- 
duct further corrosion tests ductile 
iron that compendium can pub- 
lished relating composition, heat treat- 
ment, mechanical properties and corro- 
sion resistance ductile iron. 


pointed out the paper, diffi- 
cult isolate the effects individual 
elements, especially when external 
well internal factors will influence 
what happens. Pertinent data are con- 
tinually being added our records and 
can made available deal with 
specific questions they arise 
published form often appro- 
priate provide them this way. 
ductile iron gets into more extensive use 
where corrosion factor, the choice 
structure composition will become 
dictated practical experience. the 
meantime the instances where such 
choice likely critical, purely 
from the corrosion standpoint, are not 
likely numerous, and, these 
cases, the general principles dealt with 
the paper should provide reasonably 
satisfactory guide action. 


Corrosion Rates Port Hueneme 
Harbor Carl Brouillette. Cor- 
rosion, Vol. 14, 352t-356t (1958) 
Aug. 


Comment Hugh Godard, Alumi- 
num Laboratories Ltd., Kingston, On- 
tario, Canada. 


This will comment the paper “Cor- 
rosion Rates Port Hueneme 
Brouillette. 

Aluminum corrosion rates the order 
mpy were found after one year 
while after 2.5 years the rates were 
about 0.5 mpy. Extensive and deep pit- 
ting also was reported. 

The rates pitting and weight loss 
for aluminum alloys Port Hueneme 
harbor are higher than will found 
most North American seawaters. 

Mears and reported tensile 
property losses for several aluminum al- 
loys and for steel seven locations, but 
did not give pitting weight loss data. 

Thomas and reported cor- 
rosion weight loss rates for several al- 
loys two locations. Their findings are 
given Table can seen, these 
rates are appreciably lower than those 
reported Brouillette. 

Walton and reported that 
3003 and 5052 aluminum alloy pile cas- 
ings Pensacola Harbor, Florida, 
showed maximum pit depths only 
mils and mils respectively after eight 
years service. They further found that 
seawater flume Kure Beach, 
C., produced “average depth 
attack” several aluminum alloys 
only mils six years. Miami, 
Florida, 6061-T6 had maximum pit 
depth mils one year. These re- 
sults also are much lower than found 
Port Hueneme harbor. 

More recently Forgeson al* re- 
ported results for 1100 alloy the Pa- 
cific Ocean Fort Amador, Canal Zone. 
These data are given Table 

Panels several aluminum alloys 
have been exposed Aluminium Lab- 
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oratories Limited three locations for 

periods five years. This informa- 

tion reported Table Unfortu- 

nately, the original weights the 1600 
gram panels were taken only 0.5 gram 
while after exposure the weights were 
taken 0.01 gram. error 0.5 gram 
the start could amount +0.08 mpy 
year and +0.02 mpy years. 

clear however that the rate 
weight loss Port Hueneme several 
times that found our three sites. 

Pit depth data are given Table 
Despite the erratic behavior, which 
typical pitting data few speci- 
mens, the pit depths also indicate Port 
Hueneme more aggressive than 
our three sites since the maximum pit 
depth after two years shown above was 
only mils compared 84.5 mils re- 
ported Brouillette. addition, our 
experience, the many pits shown the 
specimen alloy 1100 Figure and 
the localized corrosion 3003 alloy 
Figure are not typical the behavior 
these alloys seawater. 

With regard the tabulation and 
handling pitting data, the value 
“average pit depths” seems questionable. 
true average would include many very 
shallow pits which would give 
low average value, and any other “aver- 
age” arbitrary and meaningless, Be- 
cause pits are only important 
approach perforation the maximum depths 
are the greatest interest. Statistical 
treatment pitting data will give 
even more reliable figure “the most 
probable maximum pit depth” 
ported 

Our comment has been confined the 
three aluminum alloys tested Brouil- 
aluminum alloys the same three sites 
and other locations that show similar 
weight loss and pitting rates. The fact 
that Brouillette found rates 1-2 mpy 
one year and about 0.5 mpy 
months indicates Port Hueneme 
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much more aggressive aluminum than 
what consider average ocean 
harbor conditions. 
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The degree corrosivity the har- 
bor water Port Hueneme was judged 
comparing the corrosion data the 
metals and alloys with that appearing 
reference for like material exposed 
total immersion sea water. 
course, the values reported reference 
vary from area area for any par- 
ticular material and, where possible, 
comparisons were made West Coast 
data. Comparative data for metals and 
other than aluminum appear 
Table 

readily seen that the corrosion 
rates Hueneme harbor for metals and 
alloys other than aluminum equal 
lower than the corrosion rates given 
reference 


The initial corrosion rates for 1100 
aluminum total immersion Hueneme 
harbor, recalculated average penetra- 
tion from the total weight loss, 
months (0.7 mpy), months (0.6 mpy) 
and months (0.5 mpy) were almost 
identical the rates reported Forge- 
son (reference Dr. Godard’s 


TABLE Rates Metals 
Reply) 


Corrosion 
Rates in 
mpy at Corrosion 
Port Rates From 
METAL Hueneme | Reference 1 
Phosphor Bronze....... 0.5—0.7 0.8— 
Naval Brass...........| 0.1—1.3 
Steel, Low Carbon...... 6.7 (avg. | 6.6* 
5 panels) | 


* San Francisco. 


discussion) for years (0.6 mpy) and 
years (0.7 mpy). Because each the 
aluminum panels contained only small 
number deep pits, the average was 
determined from the major pits only. 
The number varied but was never less 
than and was generally about pits 
per panel. The rate corrosion 
metals and alloys Hueneme harbor 
therefore similar lower than that 
other harbors. 

have ready explanation for the 
excessive pitting the aluminum speci- 
mens. well known, however, that 
the presence foreign matter alu- 
minum may accelerate pitting and there 
were occasions extremely high turbid- 
ity our test site. This turbidity was 
not quantitatively measured but times 
was heavy that objects approximately 
one foot below the water surface could 
not seen. mentioned the paper, 
the panels were exposed area 
very low water velocity. This combina- 
tion environmental factors may 
atypical and may have contributed 
the extensive and deep 


Reference 


1. Herbert H. Uhlig (Editor). The Corrosion 
Handbook. John Wiley and Sons, Inc., New 
York, 1948, 


Discussions technical articles appear the June and 
December issues only when they not immediately follow 
the article which they pertain. Discussions received from 
December though May will appear the June issue and 


those from June through November the December issue. 
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Committee Discusses 
Internal Corrosion 
Storage Tanks 


industrial survey internal cor- 
rosion storage tanks handling finished 
products was discussed meeting Unit 
Committee T-2E, Internal Corrosion 
Product Pipe Lines and Tanks, San 
Francisco, during the 14th NACE An- 
nual Conference last March. question- 
naire was prepared provide useful 
data the committee internal cor- 
rosion storage tanks. attempt will 
made secure the cooperation 
Unit Committee T-8 Refining Indus- 
try Corrosion acquiring the data. 

Committee members heard descrip- 
tion methods measuring internal 
corrosion oil storage tanks, listened 
report the NATO Pipe Line 
Europe and considered new way 
mount test coupons. 

Two guests described methods 
measuring internal corrosion oil stor- 
age tanks: 

Caliper method drilling hole 
and measuring thickness. The use 
this method limited. 

Ultrasonic method gives accurate 
measurements where surfaces are rela- 
tively even smooth, Instruments used 
are Audigage, Vidigage, and Sonogen. 

Use gamma ray inspection 
equipment—Main disadvantage using 
the Penetron that products the 
tank may interfere with the measure- 
ments. Although the Penetron method 
much slower and perhaps the least 
used, particularly adaptable for use 
where severe pitting has occurred. 

All three methods have particular 
place any study survey. However, 
visual inspection should made when 
possible, was stated. Slides explaining 
the use the Audigage and Vidigage 
were shown. The Vidigage requires 110- 
volt a-c current; the Audigage battery 
operated. 

Three instrument readings are taken 
four points each ring. The points 
are spaced 90-degrees apart. IBM equip- 
ment used evaluate the data ac- 
cording table presented those 
members attending the meeting. The 
highest corrosion rate was observed 
tanks handling finished products. 
Greater corrosion was discovered the 
north side, upper course and roofs than 
other areas the tanks surveyed. 

another report, guest related his 
observations the NATO Pipe Line. 
Crisscrossing Europe, this line de- 
signed remain idle mostly peace 
time. This indicates that the use per- 
manent oil soluble type anti-rust inhibi- 
tors would perhaps more practical. 
The representative one nation ob- 
jected water soluble type inhibitors; 
therefore oil soluble type was selected 
the operating group. The commit- 
tee’s guest thanked T-2E members for 
the information developed the com- 
mittee during the past few years. This 

information and data collected the 
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HYDROFLUORIC ACID corrosion problems are 

discussed meeting Cincinnati T-5A-6 

Fred Meyer, Jr., National Lead Co. 

Ohio, Cincinnati, and other members the 
committee. 


Cathodic Protection Report 
Given Ship Components 


The initial report Cathodic Protec- 
tion Hulls and Related Parts will 
submitted Unit Committee T-3G, 
Cathodic Protection Task Group 
T-3G-1, Cathodic Protection Hull 
Bottoms Ships. The report was ap- 
proved the group meeting Oc- 
tober during the Northeast Region 
Conference. The report will submit- 
ted T-3G its next meeting. 

Future efforts Task Group 
will directed toward (1) consideration 
problems related cathodic protec- 
tion shafts and propellers, (2) analysis 
conditions affecting stern frame ca- 
thodic protection and (3) study 
reference electrodes and their use 
measuring cathodic protection hulls. 

Eleven members and visitors were 
present the meeting. Next regular 
meeting T-3G-1 has been set for the 
15th Annual Conference, March 16-20, 
Chicago. 


Chlorine Corrosion Problems 
Submitted Questionnaire 


questionnaire handling various 
chlorine mixtures will submitted 
NACE for consideration its official 
report, according recent decision 
Task Group T-5A-4 Chlorine 
Corrosion Problems the Process In- 
dustries. The questionnaire 
product cooperation between approxi- 
mately large chemical companies. 

Decision submit the report came 
the technical group’s meeting Cin- 
cinnati, October during the North 
Central Region Conference. The group 
decided defer action other new 
activities such investigation ma- 
terials construction for roofing and 
flooring chlorine plants until later 
meetings. Tentative plans are hold 
meeting during the 15th Annual Con- 
ference and 1959 Corrosion Show 
held March 16-20 Chicago. 

George Walther, Westvaco Chemical 
Div., Food Machinery and Chemical 
Corp., was presented the group 
the vice-chairman. 

Over 226,000 copies the NACE 
nical committee reports have been dis- 
tributed. 


Plastic Coated Tubing 
Considered Reliable 


Corrosion Control 


Changes status some task groups 
and discussion surface equipment 
corrosion, plastic coated tubing and 
squeeze treatments were considered 
Unit Committee T-1C, Sweet Oil Well 
Corrosion its San Francisco meeting 
during the NACE 14th Annual Confer- 
ence and 1958 Corrosion Show last 
March. 

Task groups changes were announced. 
T-1C-1, Water Dependent Corrosion, 
Field Practices, has Paul Barnard, At- 
lantic Refining Co., chairman; T-1C-2, 
Water Dependent Corrosion Experi- 
mental Aspects, have chairman 
appointed later date; T-1C-3, Low 
Water Production Corrosion (Water 
Independent Corrosion) Field Practices, 
has been dissolved; T-1C-4, Low Water 
Production Independ- 
ent Corrosion) Experimental Aspects, 
has been dissolved; T-1C-5, East Texas 
Task Group has Harry Byars, At- 
lantic Refining chairman. 

the discussion surface equip- 
ment corrosion, replies question- 
naire indicated that corrosion this 
kind minor problem compared 
with down-hole corrosion that was 
not worth creating task group 
present investigate it. The 
would handled the chairman 
Field Practices for Water Dependent 
Corrosion and retained the agenda 
for future meetings. 

survey the use plastic coated 
tubing indicated that this tubing con- 
sidered reliable means reduce sweet 
oil well corrosion, The ultimate effect 
holidays the coating and the neces- 
sity obtaining holiday-free coating 
under study several operators. 
There some doubt what extent 
string can put together without 
causing holidays the coating, espe- 
cially the various kinds joints. 
Some operators contended that modi- 
fied epoxy coating, because its resili- 
ence, may offer better joint coating pos- 
sibilities. 

Inhibitor squeeze treatments, one 
the newest methods practiced reduce 
corrosion sweet oil wells, was dis- 
cussed. This method 
lasting, low cost inhibitor protection, 
was said. Treatments using concentrated 
inhibitor mixes ranging from 100 
percent organic inhibitor oil have 
been successfully applied all types 
sweet and sour wells, including oil, gas 
and condensate producers. Production 
the treated wells ranged from pipe- 
line oil (over percent oil) approxi- 
mately percent oil. Treatment fre- 
quency has varied from monthly 
annually. Satisfactory protection for eight 
twelve months believed possible, 
judged treatment results wells 
producing from 300 1000 barrels total 
fluid daily. 

(Continued Page 92) 
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periods five years. This informa- 
tion reported Table Unfortu- 
nately, the original weights the 1600 
gram panels were taken only 0.5 gram 
while after exposure the weights were 
taken 0.01 gram. error 0.5 gram 
the start could amount mpy 
year and +0.02 mpy years. 

clear however that the rate 
weight loss Port Hueneme several 
times that found our three sites. 

Pit depth data are given Table 
Despite the erratic behavior, which 
typical pitting data few speci- 
mens, the pit depths also indicate Port 
Hueneme more aggressive than 
our three sites since the maximum pit 
depth after two years shown above was 
only mils compared 84.5 mils re- 
ported Brouillette. addition, our 
experience, the many pits shown the 
specimen alloy 1100 Figure and 
the localized corrosion 3003 alloy 
Figure are not typical the behavior 
these alloys seawater. 

With regard the tabulation and 
handling pitting data, the value 
“average pit depths” seems questionable. 
true average would include many very 
shallow pits which would give 
low average value, and any other “aver- 
age” arbitrary and meaningless, Be- 
cause pits are only important they 
approach perforation the maximum depths 
are the greatest interest. Statistical 
treatment pitting data will give 
even more reliable figure “the most 
probable maximum pit depth” 
ported 


Our comment has been confined the 
three aluminum alloys tested Brouil- 
lette. have many data other 
aluminum alloys the same three sites 
and other locations that show similar 
weight loss and pitting rates. The fact 
that Brouillette found rates 1-2 mpy 
one year and about 0.5 mpy 
indicates Port Hueneme 


oratories Limited three locations for 
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much more aggressive aluminum than 
what consider average ocean 
harbor conditions. 
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The degree corrosivity the har- 
bor water Port Hueneme was judged 
comparing the corrosion data the 
metals and alloys with that appearing 
reference for like material exposed 
total immersion sea water. 
course, the values reported reference 
vary from area area for any par- 
ticular material and, where possible, 
comparisons were made West Coast 
data. Comparative data for metals and 
other than aluminum appear 
Table 

readily seen that the corrosion 
rates Hueneme harbor for metals and 
alloys other than aluminum equal 
lower than the corrosion rates given 
reference 

The initial corrosion rates for 1100 
aluminum total immersion Hueneme 
harbor, recalculated average penetra- 
tion from the total weight loss, 
months (0.7 mpy), months (0.6 mpy) 
and months (0.5 mpy) were almost 
identical the rates reported Forge- 
son (reference Dr. Godard’s 


Discussions technical articles appear the June and 


TABLE 5—Corrosion Rates Metals 
(Brouillette Reply) 


Corrosion 
Rates in 
mpy at Corrosion 
Port Rates From 
METAL Hueneme | Reference 1 
Aluminum Bronze...... 0.2—0.7 1.2—1.9 
Phosphor Bronze....... 0.5—0.7 , 0.8—1.2 
0.1—1.3 | 1.7—1.8 
0.4—1.0 ; 1.0 
Steel, Low Carbon...... 6.7 (avg. 6.6* 
5 panels) | 


* San Francisco. 


discussion) tor years (0.6 mpy) and 
years (0.7 mpy). Because each the 
aluminum panels contained only small 
number deep pits, the average was 
determined from the major pits only. 
The number varied but was never less 
than and was generally about pits 
per panel. The rate corrosion 
metals and alloys 
therefore similar lower than that 
other harbors. 

have ready explanation for the 
excessive pitting the aluminum speci- 
mens. well known, however, that 
the presence foreign matter alu- 
minum may accelerate pitting and there 
were occasions extremely high turbid- 
ity our test site. This turbidity was 
not quantitatively measured but times 
was heavy that objects approximately 
one foot below the water surface could 
not seen. mentioned the paper, 
the panels were exposed area 
very low water velocity. This combina- 
tion environmental factors may 
atypical and may have contributed 
the extensive and deep pitting. 


Reference 


1. Herbert H. Uhlig (Editor). The Corrosion 
Handbook. John Wiley and Sons, Inc., New 
York, 1948. 


December issues only when they not immediately follow 
the article which they pertain. Discussions received from 
December though May will appear the June issue and 


those from June through November the December issue. 
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Committee Discusses 
Internal Corrosion 
Storage Tanks 


industrial survey internal cor- 
rosion storage tanks handling finished 
products was discussed meeting Unit 
Committee T-2E, Internal Corrosion 
Product Pipe Lines and Tanks, San 
Francisco, during the 14th NACE An- 
nual Conference last March. question- 
naire was prepared provide useful 
data the committee internal cor- 
rosion storage tanks. attempt will 
made secure the cooperation 
Unit Committee T-8 Refining Indus- 
try Corrosion acquiring the data. 

Committee members heard descrip- 
tion methods measuring internal 
corrosion oil storage tanks, listened 
report the NATO Pipe Line 
Europe and considered new way 
mount test coupons. 

Two guests described methods 
measuring internal corrosion oil stor- 
age tanks: 

Caliper method drilling hole 
and measuring thickness. The use 
this method limited. 

Ultrasonic method gives accurate 
measurements where surfaces are rela- 
tively even smooth, Instruments used 
are Audigage, Vidigage, and Sonogen. 

Use gamma ray inspection 
equipment—Main disadvantage using 
the Penetron that products the 
tank may interfere with the measure- 
ments. Although the Penetron method 
much slower and perhaps the least 
used, particularly adaptable for use 
where severe pitting has occurred. 

All three methods have particular 
place any study survey. However, 
visual inspection should made when 
possible, was stated. Slides explaining 
the use the Audigage and Vidigage 
were shown. The Vidigage requires 110- 
volt a-c current; the Audigage battery 
operated. 

Three instrument readings are taken 
four points each ring. The points 
are spaced 90-degrees apart. IBM equip- 
ment used evaluate the data ac- 
cording table presented those 
members attending the meeting. The 
highest corrosion rate was observed 
tanks handling finished products. 
Greater corrosion was discovered the 
north side, upper course and roofs than 
other areas the tanks surveyed. 

another report, guest related his 
observations the NATO Pipe Line. 
Crisscrossing Europe, this line de- 
signed remain idle mostly peace 
time. This indicates that the use per- 
manent oil soluble type anti-rust inhibi- 
tors would perhaps more practical. 
The representative one nation ob- 
jected water soluble type inhibitors; 
therefore oil soluble type was selected 

the operating group. The commit- 
tee’s guest thanked T-2E members for 
the information developed the com- 
mittee during the past few years. This 
information and data collected the 
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HYDROFLUORIC ACID corrosion problems are 

discussed meeting Cincinnati T-5A-6 

Fred Meyer, Jr., National Lead Co. 

Ohio, Cincinnati, and other members the 
committee. 


Cathodic Protection Report 


Given Ship Components 


The initial report Cathodic Protec- 
tion Hulls and Related Parts will 
submitted Unit Committee T-3G, 
Cathodic Protection Task Group 
T-3G-1, Cathodic Protection Hull 
Bottoms Ships. The report was ap- 
proved the group meeting Oc- 
tober during the Northeast Region 
Conference. The report will submit- 
ted T-3G its next meeting. 

Future efforts Task Group 
will directed toward (1) consideration 
problems related cathodic protec- 
tion shafts and propellers, (2) analysis 
conditions affecting stern frame ca- 
thodic protection and (3) study 
reference electrodes and their use 
measuring cathodic protection hulls. 

Eleven members and visitors were 
present the meeting. Next regular 
meeting T-3G-1 has been set for the 
15th Annual Conference, March 16-20, 
Chicago. 


Chlorine Corrosion Problems 
Submitted Questionnaire 


questionnaire handling various 
chlorine mixtures will submitted 
NACE for consideration its official 
report, according recent decision 
Task Group T-5A-4 Chlorine 
Corrosion Problems the Process In- 
dustries. The questionnaire 
product cooperation between approxi- 
mately large chemical companies. 

Decision submit the report came 
the technical group’s meeting Cin- 
cinnati, October during the North 
Central Region Conference. The group 
decided defer action other new 
activities such investigation 
terials construction for roofing and 
flooring chlorine plants until later 
meetings. Tentative plans are hold 
meeting during the 15th Annual Con- 
ference and 1959 Corrosion Show 
held March 16-20 Chicago. 

George Walther, Westvaco Chemical 
Div., Food Machinery and Chemical 
Corp., was presented the group 
the vice-chairman. 

Over 226,000 copies the NACE 
nical committee reports have been dis- 


tributed. 


Plastic Coated Tubing 
Considered Reliable 


Corrosion Control 


Changes status some task groups 
and discussion surface equipment 
corrosion, plastic coated tubing and 
squeeze treatments were considered 
Unit Committee T-1C, Sweet Oil Well 
Corrosion its San Francisco meeting 
during the NACE 14th Annual Confer- 
ence and 1958 Corrosion Show last 
March. 

Task groups changes were announced. 
T-1C-1, Water Dependent Corrosion, 
Field Practices, has Paul Barnard, At- 
lantic Refining chairman; T-1C-2, 
Water Dependent Corrosion Experi- 
mental Aspects, have chairman 
appointed later date; T-1C-3, Low 
Water Production Corrosion (Water 
Independent Corrosion) Field Practices, 
has been dissolved; T-1C-4, Low Water 
Production Corrosion (Water Independ- 
ent Corrosion) Experimental Aspects, 
has been dissolved; T-1C-5, East Texas 
Task Group has Harry Byars, At- 
lantic Refining chairman. 


the discussion surface equip- 
ment corrosion, replies question- 
naire indicated that corrosion this 
kind minor problem compared 
with down-hole corrosion that was 
not worth creating task group 
present investigate it. The problem 
would handled the chairman 
Field Practices for Water Dependent 
Corrosion and retained the agenda 
for future meetings. 

survey the use plastic coated 
tubing indicated that this tubing con- 
sidered reliable means reduce sweet 
oil well corrosion, The ultimate effect 
holidays the coating and the neces- 
sity obtaining holiday-free coating 
under study several operators. 
There some doubt what extent 
string can put together without 
causing holidays the coating, espe- 
cially the various kinds joints. 
Some operators contended that modi- 
fied epoxy coating, because its resili- 
ence, may offer better joint coating pos- 
sibilities. 

Inhibitor squeeze treatments, one 
the newest methods practiced reduce 
corrosion sweet oil wells, was dis- 
cussed. This method 
lasting, low cost inhibitor protection, 
was said. Treatments using concentrated 
inhibitor mixes ranging from 100 
percent organic inhibitor oil have 
been successfully applied all types 
sweet and sour wells, including oil, gas 
and condensate producers. Production 
the treated wells ranged from pipe- 
line oil (over percent oil) approxi- 
mately percent oil. Treatment fre- 
quency has varied from monthly 
annually. Satisfactory protection for eight 
twelve months believed possible, 
judged treatment results wells 
producing from 300 1000 barrels total 
fluid daily. 

(Continued Page 92) 
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Electrolysis Committee 
Needs Information 


about electrolysis 
(corrosion coordinating) commit- 
tees not affiliated with NACE T-7 
tee’s effectiveness. Erickson, 
Jr., People’s Natural Gas Co., 
Gateway Center, Pittsburgh 22, 
chairman T-7, seeks the names 
committees and their officials 
that can contact them con- 
cerning T-7’s activities. 

Mr. Erickson says there 
known directory these commit- 
tees. believes compiled list 
active committees will help- 
ful all them, Those who 
know committees not the 
T-7 list (See October, 
Page 12) are urged send their 
names Mr. Erickson. 


Rocket Engine Coatings 
May Have Industrial Uses 


Flame deposited coatings developed 
connection with rocket engines are be- 
lieved have ap- 
plications. These coatings, which can 
made variety metals, ceramics 
combinations metals and ceramics, 
are designed protect the base metal 
which they are deposited from the 
effects high temperature gases con- 
corrosive components moving 
high velocities. 

Developments this field were the 
principal topics discussion meet- 
ing T-5B High Temperature Cor- 
rosion Cincinnati during the October 
meeting North Central Region. The 
meeting was one seven scheduled 
meetings technical committees. 


Among the characteristics the coat- 
ings which gives them unusual stability, 
was pointed out, was the high densities 
achieved, some instances high 
percent theoretical maximum density. 
Another important characteristic that 
the method used permits application 
materials coatings which have high 
melting point themselves, sometimes 
the ranged 1500-2000 


Method Deposit Described 


The method being used experimentally 
deposit the coatings involves the use 
arapidly moving air stream heated 
temperatures the 1500 range. Coat- 
ings deposited are introduced into 
the stream powders. 


The piece coated placed 
the air stream that the molten powder 
will impinge and coalesce into 
coating. Examples were shown homo- 
geneous coatings excess 
base materials. 


Some the materials being deposited 
this manner are metallic, others ce- 
ramic, including aluminum oxide and 
similar compositions and various metal- 
lic-ceramic composites. Workers familiar 
with the process believe that when tech- 
niques have been further developed these 
will have important industrial 
applications the high temperature field 
and where coatings almost 100 per- 
cent density are useful. 


Problems Fuels Containing Boron Discussed 
Committee High Temperature Corrosion 


Problems involved the use high 
energy fuels containing boron were dis- 
cussed meeting T-5B High 
Temperature Corrosion Cincinnati 
during the North Central Region meet- 
ing October. The analogy between 
the effect boron some materials 
and the effect vanadium pentoxide 
was pointed out. High energy fuels con- 
taining boron are being tested for use 
rockets and jet engines, 


Many the discoveries connection 
with this problem have developed from 
research projects sponsored the Air 
Force laboratories industrial com- 
panies and universities. Recently devel- 
oped coatings have extended the life 
some metals from minutes about 150 
hours, was pointed out. 


Boron Forms Eutectic 
The mechanism postulated for the at- 
tack boron compounds materials 
includes diffusion into the material, 
nickel where eutectic lower melt- 
ing point than the nickel formed, 
aluminum titanium alloy where 
boron dioxide causes the formation 
free boron, which produces like eutectic 
and iron-cobalt alloys which 

dissolves the protective oxides. 


Several materials, however, have 
shown satisfactory resistance boron 
compounds, among them being Hastelloy 
and Inconel. Dayton University has 


Storage Tanks— 
(Continued From Page 91) 


committee was useful dealing with 
organization like NATO. 

change the method installing 
coupons pipe line was discussed 
the chairman. The coupon now rigidly 
mounted prevent swinging. 

The value information obtained 
from coupons was stressed another 
guest. Insufficient inhibitor protection 
can indicated coupon tests, 
said. Often inhibitor manufacturers 
profit from information received from 
coupon tests which indicate insufficient 
inhibiting action. 

Various methods running rust tests 
were: discussed the committee. The 
committee agreed collect rust tests 
methods, with the intent making 
these tests uniform. 


NEW COMMITTEE WORK 
PROPOSED ALUMINUM 


Formation unit committee 
under T-2 “Pipe Line Corrosion” 
has been suggested explore the 
possibility protection 
buried aluminum pipe lines. This 
problem has been relatively unex- 


plored. 

Persons desiring participate 
this-committee should write 
Godard, Aluminium Labora- 
tories, Ltd., Box 84, Kings- 
ton, Ontario, Canada. 

organizational committee 
meeting will held Chicago 
next March sufficient interest 
shown. 


conducted exhaustive tests some 
materials the 1500 range. 


Protection Against Vanadium 


also was brought out that additives 
Bunker oil have beneficial effect 
reducing attack vanadium pentoxide 
with sodium residue boiler parts. 
Magnesium gives good protection while 
aluminum did not protect, according 
one speaker. the other hand mixtures 
magnesium and aluminum not only 
gave good protection but did without 
creating objectional deposits. 

discussion high temperature ef- 
fects hydrogen sulfide developed the 
information that 1500 all hydrogen 
sulfide was converted sulfur dioxide 
while the range 900-1000 about one- 
half was converted. Inconel useful for 
its catalytic effect reducing hydrogen 
sulfide sulfur dioxide. 

One speaker pointed out that the 
ASME report combustion gas would 
issued soon. 


Coated Tubing— 
(Continued From Page 91) 


One operator reported the application 
the so-called short squeeze tubing 
displacement treatment gas lift well. 
indicated that percent protection 
was obtained the well for six months. 
This method inhibition appeared 
promising, but its merits compared 
the squeeze method are studied 
further, Much interest was shown 
the squeeze method, and will dis- 
cussed future meetings. 

average four six short courses 
corrosion control are held each year 
the United States with the cooperation 
NACE. 


TECHNICAL 
REPORTS 


MARINE COATINGS 


T-1M Suggested Coating Specifications 

for Hot Application Coal Tar 
Enamel for Marine Environment. Report 
NACE Technical Unit Committee 
Equipment Installations, Publi- 
cation No. 57-8. Per Copy 


Suggested Painting Specifications 

for Marine Coatings, A Report of 
Technical Unit Committee T-1M 
Corrosion of Oil & Gas Well Producing Equip- 
Offshore Installations. Publication 
No. 57-7. Per Copy $.50 


Remittance must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced requested, Send orders National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the ptices given above for Book Post Registry to 
all addresses. outside the United States, Canada 
and Mexico. 
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TECHNICAL COMMITTEE ACTIVITIES 


PREVENT CORROSION with 
SOLVAY SODIUM NITRITE 


now available forms 


Users sodium nitrite for corrosion control can 
now get Sodium Nitrite convenient 
forms—all the same quality, U.S.P. you are 
using sodium nitrite alone compounding 


45-S Granular Form—Similar regular granular 
form, but has greater resistance caking storage. 


All three forms SOLVAY Sodium Nitrite are avail- 
able and fiber steel drums and 


with other dry materials, you can select the form 
that best suits your requirements. 


New Flake Form—This exclusive SOLVAY time-and- 
labor saver—available extra cost—meets the need 
for free-flowing product that gives greatest resist- 
ance caking storage. 


Regular Granular Form—Fast dissolving, crystalline 
material for wide range applications. 


Sodium Nitrite Caustic Soda Chlorine Caustic Potash 
Potassium Carbonate Sodium Bicarbonate Chloroform Ammonium Chloride 
Methyl Chloride * Ammonium Bicarbonate * Vinyl Chloride « Methylene Chloride 
Cleaning Compounds ¢ Hydrogen Peroxide * Aluminum Chloride * Mutual Chromium 
Chemicals Snowflake® Crystals * Monochlorobenzene Ortho-dichlorobenzene 
Carbon Tetrachloride * Para-dichlorobenzene * Soda Ash 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N. Y. 


bags. 


Write for sample, detailed information! 


SOLVAY PROCESS DIVISION 


Please send without obligation 


Literature: 
Nitrite for Rust and Corrosion 
Prevention” 
Samples: 


flake Sodium Nitrite 

regular granular Sodium Nitrite 
45-S granular Sodium Nitrite 
Include prices, nearest dealer’s name 


Name 


Position 


Company 
Phone 


DY-128 
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SOLVAY branch offices and dealers are located major centers from coast coast. 


CORROSION 


wonder more and more distribution 
engineers are selecting TAPECOAT prod- 
ucts important part their program 
fighting underground corrosion! Experi- 
ence shows that quality protection applied 
during installation prevents huge mainte- 
nance and replacement expense later 
‘dates. 

Since 1941 when TAPECOAT originated 
coal tar coating tape form, has proved 
the best protection money can buy for 
combatting corrosion underground under 
water. Lines service TAPECOATED 
far back years ago show signs 
deterioration record uninterrupted 
service other type tape can match. 

TAPECOAT comes rolls 2”, 3”, 4”, 
18” and 24” widths—sized the job for 
protecting pipe, pipe joints, couplings, fit- 
tings, tanks, conduit, cable and tie rods. 
TAPECOAT both bond and protection 


one—easy apply with the flash 
torch. 


Write for brochure today. 


When primer specified, use Prime- 
coat, the compatible coal tar primer. 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Representatives Principal Cities 


Cut Maintenance 


and Replacement Costs 


the Coal Tar Tape Coating 
that Adds Years Service Life 
Gas Lines 


The TAP OAT Company 


1529 Lyons Street, Evanston, 
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Houston Short Course 


Tentative Program 
Set For Jan. 22-23 


Tentative subjects and speakers have 
been announced for the short course 
fundamentals corrosion control set 
for January and 23. Sponsored 
the Houston Section, the short course 
will held Oberholtzer Hall, Uni- 
versity Houston. 

Nine subjects and speakers have been 
scheduled: 

Fundamentals Corrosion Proc- 
esses Woody, United Gas 
Corp. 

Underground Corrosion and funda- 
Riordan, Rio Engineering Co. 

External Coating for Underground 
Protection Curley, Royston 
Laboratories. 

Internal Corrosion: Corrosion In- 
side Pipe Lines and Tankage and 
Use Inhibitors for Corrosion Control. 
Speakers announced. 

Designing for Corrosion Control 
Pipe Lines and Corrosion Consideration 
Pipe Line Design Pierce But- 
terfield, World Supply Co. 

Instruments for Corrosion Meas- 
urement. Speaker announced. 

Control Atmospheric Corrosion 
and Surface Preparation and Painting 
John Weis, Diamond Alkali Co. 

Installation and Operation Rec- 
tifiers. Speaker announced. 

Galvanic Anodes for Cathodic Pro- 
tection. Speaker announced. 

Directed toward practical applications 
corrosion control, the short course 
has been designed for operating field 
men such junior engineers, foremen, 
electricians and technicians. 
son interested corrosion invited. 

Registration fee $10 per person, 
meals are included the fee. Reserva- 
tions for registration should sent 
William Campbell, Maloney Com- 
pany, 2301 Texas Ave., Houston 

Registration will begin Oberholtzer 
Hall 7:30 am, January 22. 

The first session will introduc- 
tion basic fundamentals corrosion 
with all registrants attending. Remain- 
ing classes will divided into small 
groups. 

Hotel accommodations should han- 
dled the individual. 


North Texas Hears Talk 
Role Metal Corrosion 


The Role Metal Corrosion was 
the subject the technical program 
for the North Texas Section meeting 
November Archie Broodo, speaker, 
head component development 
branch Texas Instruments, Inc., 


Dallas, where works with metals, 
alloys and their surfaces. his talk 
discussed recent developments sur- 
face theory pertaining corrosion phe- 
nomena. 


HOUSTON SECTION heard Troy Stilley, 

Good-All Electric Mfg., Co., Neb., 

speak the new developments cathodic 

section member. 


Selenium Stack Use 
Described New 
Rectifier Development 


selenium stack added bond 
combat stray current corrosion un- 
derground structures will not only pro- 
vide the required protection but many 
cases will also use stray a-c current 
provide protection. This phenomenon 
was explained Troy Stilley, speaker 
the Houston Section meeting, Octo- 
ber 14. general manager, electri- 
cal-mechanical division, Good-All Elec- 
tric Mfg., Co., Ogallala, Neb. 

Mr. Stilley gave example 
section pipe line picking 100 am- 
peres stray current which was 
bonded negative buss trolley 
system that the pipe-to-soil potential 
would not change over one-tenth 
volt. By: ohms law, the resistance the 
bond would have one-thousandth 
ohm. The resistance selenium 
stack inserted the bond would 
ohm. The assumption under these con- 
ditions that the shift pipe-to-soil 
potential would enough that stray 
current corrosion would still exist. 

selenium stack has been used 
several applications this type. When 
the bond with the stack was added, the 
potential the pipe line was always 
shifted the protected direction in- 
stead the direction which indicates 
stray current corrosion. most cases, 
there was enough stray a-c current 
the ground supply power which 
would rectified the selenium 
stacks and actually result free 
power source for cathodic protection, 
Mr. Stilley said. 

discussing meter switches, Mr. 
Stilley said that much the variation 
obtained meter readings was caused 
changing resistance the meter 
switch from corrosion the switch 
contacts. This problem could solved 
using circuit which the ammeter 
shorted out when not use and the 
contacts are open allow the ammeter 
read when the button pushed. The 


(Continued Page 96) 


ples related lectures and dis- 


Pipe Line Short Course 
Scheduled Tulsa 


The Tulsa Section’s tenth annual Pipe 
Line Short Course will held February 
the Mayo Hotel. Emphasis 
will the role operating person- 
nel corrosion control. Specific exam- 


cussions. 

The regular section meeting will 
held January the Mayo Hotel. 
meeting was scheduled December. 
trip through installations the Phillips 
Petroleum Co., Bartlesville, Okla., was 
planned for the November meeting. 

Dynamometer well studies mini- 
mize corrosion fatigue rods and tub- 
ing was discussed Douglas John- 
son for the October meeting. 


More Booths Sold for 
1959 Corrosion Show 


total exhibitors have purchased 
space for the 1959 Corrosion Show 
held March 17-19 during the 15th An- 
nual NACE Conference Chicago. 

Over 100 booths have been sold for the 
show. 

Companies have exhibits not in- 
cluded the list published the Oc- 
tober Corrosion are the following: 


Alloy Steel Products Company 
Calag Chemical Company 
Cathodic Protection Service 
Corning Glass Works 
Cosasco Division, Perfect Circle Corp. 
The DeVilbiss Company 
General American Transportation Corp. 
The Glidden Company 
Gulf States Asphalt Company 
Miller Company 
Oregon Metallurgical Corp. 
Phelps Dodge Copper Products Corp. 
Plicoflex, Inc. 
Polyken Sales Division, Kendall Com- 
pany 
Radio Receptor Company 
Remco Mfg. Company 
Wayte Industrial Supply Corp. 


15th Annual Conference 
Plans Being Completed 


Plans for the 15th Annual Conference 
Chicago March 16-20 are being com- 
pleted. 

Some symposia programs are com- 
plete and others are filling rapidly, ac- 
cording program chairmen. 

Pre-conference round-up information 
being prepared the Central Office 
for publication the January issue 
Titles and abstracts 
papers with authors’ names and biogra- 
phies will given. Business and social 
items will listed also. 

Over technical committee meetings 
are being planned. meeting the 
Inter Society Corrosion Committee 
also scheduled. 
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FIRST PRESENTATION of the L. David Cook Memorial Award is being presented to McKay E. Padmos 
(right), 1958 metallurgical engineering or of Wayne State University. Presentation was made at 


a recent meeting of the Detroit Section 


y R. K. Swandby, program chairman (left), and L. W. Gleekman, 


vice chairman (center). The award was established initial grant $1000 from Mrs. Cook and 
the Detroit Section the Department Chemical and Metallurgical Engineering Wayne State. 


Panel Held Philadelphia 
Underground Corrosion 


panel discussion underground 
corrosion with questions from the audi- 
ence was the technical program for the 
Philadelphia Section October meeting. 
With the meeting announcement, post 
card was mailed members requesting 
their underground corrosion problems 
for discussion the meeting. 

Panel members and their subjects 


POLYKEN PROTECTIVE COATINGS 
FEDERATED MAGNESIUM ANODES 


NATIONAL CARBON ANODES 


TUBE TURNS PVC FITTINGS 


ALLEN RECTIFIERS 


INSTRUMENTS 


ALUMINUM ANODES 
INSULATING MATERIALS 
CATHODIC PROTECTION CABLE 


Allen Cathodic 


BOX HARVEY, LA. 


Protection Co., Inc. 


Smith Engineering Co., Cathodic 
Protection; Pogacar, chief metal- 
lurgist, Nice Ball Bearing Co., Ma- 
terials Construction and Shide- 
ler, protective coatings research man- 
ager, Pittsburgh Coke and Chemical 
Co., Protective Coatings. 

average four six short courses 
corrosion control are held each year 


the United States with the cooperation 
NACE. 


7008 LONG DRIVE HOUSTON, TEX. 


held Cleveland, October 20-22. 


58th Section 
Formed Wilmington 


The 58th NACE section was formed 
October with the first preliminary 
meeting the Wilmington Section the 
Northeast Region. Thomas Degnan 
was elected temporary chairman and 
James Brady temporary secretary. 

The new section was approved the 
Northeast Region Board Trustees 
May 

Area covered the section in- 
cludes parts four states: New Castle 
County Delaware; Cecil County 
Maryland; Salem, Cape May and Cum- 
berland Counties New Jersey and 
Lancaster County and the southern half 
Delaware County Pennsylvania. 


New York Section Hears 
Role Corrosion 


Underground Corrosion Microbi- 
ological Action, Kulman, Con- 
solidated Edison Co., New York, was 
the technical subject scheduled for the 
October Metropolitan New York Sec- 
tion meeting. 

Mr. Kulman charge corrosion 
design for his firm’s underground plant, 
including pipe type, lead sheath cables 
and gas and steam piping systems. 
member NACE since 1946, 
serving several committees and 
chairman the Utilities Industry sym- 
posium for the 15th Annual Conference 
and 1959 Corrosion Show. 


Genessee Valley Section 


Discussion Corrosion 
Problems was the technical subject 
scheduled for the October meeting 
the Genessee Valley Section. The meet- 
ing was held Rochester, Mem- 
bers with deterioration 
coatings, fibers metals were invited 
present them for discussion. 


Atlanta Officers Elected 


New officers for the Atlanta Section 
have been elected. They are Chairman 
Steele, Steele Associates; Vice 
Chairman James McArdle, Jr., Ameri- 
can Telephone and Telegraph; and Sec- 
retary-Treasurer Howell, Southern 
Bell Company. 


Selenium Stacks— 
(Continued From Page 95) 


ammeter will read accurately when the 
button pushed because there are 
switch contacts the circuit, 

Cost constant current control equip- 
ment has dropped drastically, Mr. 
Stilley said. unit costing $2500 1954 
would cost approximately $450 today. 

recent years, high voltage silicon 
diodes and higher voltage selenium 
plates have caused rectifier designers 
change their approach circuits and 
designs, according Mr. Stilley. 


Northeast Region Meeting will held 
October 5-7, 1959, Baltimore, Mary- 
land. 

North Central Region Meeting will 


December, 1958 


KONTOL 
CORROSION 


The Tretolite Company has pioneered and 
maintained leadership the application or- 
ganic corrosion inhibitors throughout the petro- 
leum industry. other organization has 
Tretolite’s wealth experience their use, 
manufacture, general know-how service 
facilities. 


Tretolite corrosion engineers, laboratory test- 
ing facilities and research are always available 
aid you combating corrosion problems. 
call brings you this service—at obligation. 


TRETOLITE COMPANY 


DIVISIONS PETROLITE CORPORATION 


369 Marshall Avenue, Saint Louis 19, Missouri 
5515 Telegraph Road, Los Angeles 22, California 


Chemicals and Services for the Petroleum Industry 

Demulsification « Desaiting « Corrosion Inhibiting * Paraffin 

Removal « Scale Prevention « Water De-olling « Injectivity 
Stimulation « Metal Deactivators « Additives 


NACE NEWS 


ORGANIC 


CORROSION INHIBITORS 


and 
the 


Symposia Sessions Have Capacity Attendance 


ASSOCIATION CORROSION ENGINEERS 


North Central Region Meeting Cincinnati 


Capacity attendance technical sym- 
posia sessions featured the October 15- 
meeting Cincinnati North Cen- 
tral Region. Registration was 201. The 
majority of. those registered attended 
technical sessions and committee meet- 
ings. 

Comments were uniformly favorable 
the technical content the program, 
the smooth operation sessions and 
the exceptional interest the event 
shown registrants, the majority 


whom were from places other than 
Cincinnati. 

Especially enjoyable were Fellowship 
Hour and buffet Thursday evening. 
These were attended wives visiting 
registrants and many the wives 
Cincinnati members. 

The meeting also gave opportunity 
for the Cleveland Section members who 
will have charge the 1959 regional 


program discuss program arrange- 
ments. 


PLANS FOR THE 1959 meeting Cleveland North Central Region were discussed this 
meeting region officers Cincinnati during the October 15-17 conference there. Seated 
the table beginning the center foreground and going clockwise: Fisher, Monsanto 
Chemical Co., St. Louis, St. Louis Section treasurer; Wasson, Smith Corp., Milwaukee, 
NACE director; McConnell, Geo. Meyer Mfg Co., Cudahy, Wis., regional treasurer; 
Gleekman, Wyandotte Chemical Corp., Wyandotte, Mich.; Ambler, Jr., American Zinc, 
Lead Smelting Corp., East St. Louis, St. Louis Section chairman; Husock, Harco Corp., 
Cleveland; Hare, Hare Equipment Co., Cincinnati, regional chairman; Vanderhenst, 


NACE Central Office; Weast, Case Institute Technology, Cleveland, Ohio. 


NORTH CENTRAL REGION’S October 
15-17 Cincinnati Sylvan Falck (upper 
left), Inner-Tank Lining Corp., opens the coat- 
ings symposium; upper right, Mars Fontana, 
Ohio State University, presents his paper 
stress corrosion cracking stainless steels. 
Left, persons attending the Fellowship Hour 
and buffet the Sheraton Gibson Hotel. 


GUESTS CINCINNATI during the meeting 

North Central Region were Mrs. Hager- 

man and Mrs. Risetter Chicago who 

are members the entertainment committee 

for the NACE 15th Annual Conference 
held the Sherman Hotel next March. 


Region Announces 
Meetings 


Places have been set for meetings 
North Central Region through 1962. The 
places were selected meeting the 
region’s officers present the October 
Cincinnati session over which 
Hare, Hare Equipment Co., Cincinnati, 
presided. 


The schedule adopted was follows: 


1959—Cleveland. 
1960—Milwaukee. 
1961—St. Louis. 
1962—Kansas City. 


The 1961 and 1962 dates were con- 
sidered tentative because possible 
conflict with the March, 1962, meeting 
NACE Kansas City. 


The discussion also involved methods 
financing regional meetings, election 
trustees sections and change 
regional boundaries. Some anomalies 
connection with the existing boundaries 
regions were considered. 


Urgent need for guide for 
use those conducting regional meet- 
ings was expressed. 
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WATER PROBLEMS 


heat exchangers 


~ 


pipe 


cooling towers 


CALGON HAS THE 


Corrosion and other water damage key points 
cooling and service water systems can tie 
entire plant. Costly equipment can 
beyond repair. Replacement costs and the losses 
caused unscheduled outages far outweigh the 
modest cost adequate protection. 

Call Calgon Engineering Service insure 
protection the entire system. From cooling 
towers through, the Calgon engineer can save 
you money and time. Experience with every type 
water problem all the country, 
backed complete laboratory facilities, 
your service. 

Corrosion control with Calgon* only one 
the many services available. letter phone call 
will bring man with the water problem answers 
work for you. 


NACE NEWS 


ANSWER 


neces 


*Calgon the Registered Trademark Calgon Company for its sodium 
phosphate glass (sodium hexametaphosphate) products. The use poly- 
phosphates for the prevention corrosion covered Patent 


DIVISION HAGAN CHEMICALS CONTROLS, INC. 
HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
1N CANADA: HAGAN CORPORATION (CANADA) LIMITED. TORONTO 
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Publication Committee Discusses Problems 


ASSOCIATION CORROSION ENGINEERS 


South Central Region Meeting October 


Numerous problems NACE the 
publications field were discussed the 
October meeting the Publication 
Committee New Orleans during the 
South Central Region meeting. marked 
the first committee meeting held re- 
cent years other than national 
NACE meeting. Treseder, Shell 
Development Co., Emeryville, Cal., pre- 
sided. Among those attending were Ivy 
Parker, Plantation Pipe Line Co., 
fler, Thornhill-Craver Co., Houston, 
advertising subcommittee chairman; 


Misch, Argonne National Laboratory, 
Lemont, chairman the abstract 
subcommittee; and Fred Reinhart, 
National Bureau Standards, Wash- 
ington, C., chairman the editorial 
review subcommittee. 

Also present were members the 
NACE Executive Committee and NACE 
Central Office staff. 

Budget matters, means improving 
publications for members and such mat- 
ters policy microfilming back issue 
files were Considerable time 
was spent considering future plans for 
development 


HIGH QUALITY MAINTAINED 
CONSTANT LABORATORY TESTS 


INGREDIENTS AND PROCESSES 


Send for a complimentary copy 


f our recently revised oklet 
Painting of Ships.”” it is 
an outline of the latest approved 

etices in all marine main- 
enance. 


INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE 
SUPPLY CO. 
Harlingen, Texas 
Phone: GArfield 3-5330 
SAN ANTONIO MACHINE 
SUPPLY CO. 

Corpus Christi, 2-6591 
TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 

Houston, Texas 
Phone: WAlnut 3-9771 
TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 
Galveston, Jexas 
hone: SOuthfield 3-2406 
MARINE PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 
FUEL SUPPLY CO., INC. 
Morgan City, La. -Phone: 5033-3811 
ROSS-WADICK SUPPLY COMPANY 
Harvey, La. Phone: 1-3433 
VOORHIES SUPPLY COMPANY 
New Iberia, La.- Phone: 4-2431 


MOBILE SHIP CHANDLERY CO. 
Mobile, Ala. Phone: HEmiock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida ----- Phone: 2-4278 


Offices: 


New York Y., West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Franciseo, Cal., So. Linden Ave., Phone: 6-1440 


Technical Section 
Have Larger Type 


Size type for the Technical 
changed beginning with the Janu- 


ary issue nine point Basker- 
ville type nine point line. 
During 1958, the section was 
printed eight point type 
eight point line. 
The three-column format will 
remain unchanged. 


Region Manual Issued 
For Planning Meetings 


manual guide North Central Re- 
gion conference officials planning and 
organizing the 1959 region conference 
has been distributed chairmen the 
conference committees. The conference 
will held Cleveland the Statler 
Hilton Hotel, October 20-22. 

The indexed manual has section for 
each committee which states what the 
committee and the dates 
which its tasks are completed. 

addition being responsible for his 
own committee, each chairman asked 
contribute his suggestions and opin- 
ions all phases and problems the 
conference. 

general planning committee, com- 
posed the chairman the various 
committees, the conference general 
chairman and vice chairman will coordi- 
nate the activities the working com- 
mittees. This general planning commit- 
tee will meet each month. The first 
meeting was held August 27. 

The committees and their chairmen 
are: Lester Mills, The Standard 
Oil Company Ohio, general chair- 
man; Alva Corlett, Jr, Harco Corp., 
vice-chairman; Edward 
Heil Process Equipment Corp., technical 
program chairman; John Scott, Truscon 
Labs., finance chairman; Richard 
Mohler, Koppers Co., Inc., Tar Prod- 
ucts Div., hotel arrangements chairman; 
Austin Long, Co., registra- 
tion and printing chairman; Robert 
Schantz, Sherwin-Williams pub- 
licity chairman; Thomas Howald, 
Chase Brass Copper Co., Inc., fellow- 
ship hour chairman; and Harry 
Hosford, Jr., Harco Corp., plant trips 
chairman. The Cleveland Section officers 
will comprise the reception committee. 

Plans have been made invite the 
NACE technical committees meet 
during the conference, and preliminary 

work this was scheduled for the 
November meeting the general 
planning committee. The November 
meeting also reviewed committee prog- 
ress, financial requirements all com- 
arrangements committee attendance 
reports past regional meetings. For 
the December agenda, the financial 
committee will present 
budget. review over-all committee 
progress will also made then. 


The 15th Annual NACE Conference and 
1959 Corrosion Show will held March 
16-20 the Sherman Hotel, Chicago. 


MAT FIVE GALLONS 
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NEW SOUND-SLIDE FILM 


See how corrosion inhibitors work 
save you money. Ask your Dowell 
representative for showing this 
new film Means 


STICKS CORBAN —TO GIVE CORROSION PROTECTION SPECIAL WELLS. 
wells where the application Corban® corrosion inhibitor liquid form 
either impossible impractical, Dowell offers Corban stick form. Stick 
Corban packaged air-tight, weather-proof metal drums, with handles for 


ease handling. 
These cylindrical sticks are introduced into the tubing through lubri- 


cators pressure locks. reaching the bottom, the sticks melt and dissolve 
slowly the well fluids. Production then carries the Corban inhibitor back 
the tubing coat and protect the metal surfaces the well, Christmas 
tree and flow lines. Stick Corban available with melting points from 

Both concentrated and ready-to-use liquid Corban are available addition 
Corban sticks. All forms Corban are provided several formulas 
fight corrosion any type well. Call any the 165 Dowell offices for 
engineered recommendation the use Corban. Canada, contact Dowell 
Canada, Ltd.; Venezuela, contact United Oilwell Service. Dowell, 


Tulsa Oklahoma. 


roducts for the oil industry 
SERVICE DIVISION THE DOW CHEMICAL COMPANY 
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SEEN THE NEW ORLEANS meeting South Central Region October 20-24: Upper left, 
Mr. and Mrs. Spalding, Jr., Sun Oil Co., Dallas. Mr. Spalding regional chairman. Upper 
right, Muir, Dowell, Inc., Tulsa chairman, addresses meeting T-1 Sour Oil Well 
Corrosion. Lower left, some the ladies enjoying morning coffee. Lower right, Loeffler, 
Craver Co., Houston, chairman the region’s educational committee presents the 


Harman, Ponca City, high school senior. 


Mr. Harman also received cash award $150. 


THE EXHIBITION held concurrently with South Central Region’s Oct. 20-24 conference New 
Orleans was well attended. This scene was taken during the “free afternoon” arranged give 
all registrants opportunity see the exhibit. 


Attendance Good South Central Region 


Attendance technical committee 
meetings and symposia during South 
Central Region’s Conference New 
Orleans October 20-24 was sustained 
high level throughout the five days. 
This meeting was the first held the 
region which the program tech- 
nical committee meetings was separated 
chronologically from the technical sym- 
posia. Attendance the half-day session 
the final day was good both sym- 
posia. 

High interest was shown the con- 
current exhibition which was open dur- 
ing the middle three days the session. 


usual the “free” half day developed 
the largest crowds. Attendance during 
remainder the show was good 
also. 

expected, New Orleans proved 
major attraction for the ladies, 
with 138 registered for the various social 
events. Total registration was 776. 

Attendance technical committee 
meetings was good generally with the 
largest number representing the petro- 
leum industry. This was expected 
view the region’s orientation the 


_petroleum industry area. 
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Scientific Education 
Needs Engineers’ Help 


Engineers were urged make per- 
sonal contribution the education 
the nation’s youth science the 
October meeting the South Central 
Educational Committee New Orleans. 
Personal sacrifice men scientific 
pursuits will necessary the nation 
keep abreast the rest the 
world science education, the committee 
was told. 

The meeting, attended members 
the committee representing the several 
states the region and regional offi- 
cers and members NACE Central 
Office staff, was presided over 
Loeffler, Thornhill-Craver Co., Houston, 
Next meeting the commit- 
tee will during the region’s 1959 
meeting Denver. 


Activity Reviewed 


Mr. Loeffler reviewed the committee’s 
work far and outlined some the 
activities scheduled during the next year. 
noted that recent months North 
Texas Section has named Edwin 
Muelhause, Lone Star Gas Co., Dallas, 
chairman its education committee. 

Hartkemeier, Colorado School 
Mines, Golden, was named the com- 
mittee’s liaison representative with the 
Future Science Clubs America, the 
organization fostered the fed- 
eral government among high school stu- 
dents studying science. 

Mr. Loeffler expressed hope that every 
section South Central Region would 
name education committee work 
with schools furtherance science 
education. 


Houston Cooperation Cited 


manner which Houston Sec- 
tion working through the Houston 
Scientific and Technical Society assist 
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other supplier offers you many materials much practical experience 
corrosion control. Federated’s Corrosion Advisory Service can recommend the best for you from 
among GALVANIC ANODES, magnesium and zinc; LEAD SHEET, PIPE, and FITTINGS; ZINC and 
ZINC ALLOYS for galvanizing; ZINC DUST; COPPER and ALLOYS; and PLATING MATERIALS, 
including copper, lead, cadmium, zinc, and silver anodes; nickel salts and addition agents for plating 
baths. One Federated’s sales offices near you. Don’t hesitate, call with your corrosion 


problems obligation, course. Federated Metals Division, 120 Broadway, New York 


Canada: Federated Metals Canada, Ltd., Toronto and Montreal. 


FEDERATED METALS DIVISION 


r 


Canadian Region 
Eastern Meeting 
Jan. 12-14 Montreal 


Emphasis will practical discus- 
sion corrosion work the eastern 
meeting the Canadian Region 
held January 12-14 the Sheraton 
Mount Royal Hotel Montreal. Dis- 
cussions will concerned with pulp 
and paper manufacture, mining and 
metallurgy, chemical processing, oil re- 
fining and petrochemical plants. 

Highlights the technical meetings 
will the following papers: Corrosion 
Research the Pulp and Paper Indus- 
try, Kesler, Institute Paper 
Chemistry, Appleton, Wis., Corrosion 
Alkaline Pulping Digesters, 
Hopper, and Corrosion Problems 
Smelting and Refining, Farn- 
ham, International Nickel Co. 


Other papers presented are 
High Temperature Corrosion, 
Bennett, British American Oil Co., Cor- 
rosion Problems Encountered Chlo- 
rine Processing Units, Zundel, 
Vickers Krebs, Corrosion Problems 
Cooling Water Systems Eastern 
Canada, Hambley, Alchem, 
Ltd., and Notes Cathodic Pro- 
Bird and Burbidge, Aluminum 
Company Canada, Ltd. 


Portland Section Meets 


Atmospheric Corrosion was the sub- 
ject for the November meeting 
the Portland Section. Title the tech- 
nical program was How Save Mil- 
lion Dollars. 20-minute color film was 
also shown. 


The Western Region Conference sched- 
uled for September 29-30, October 
1959, Bakersfield, Cal. 


SELL 


Corrosion quickly “rubbed out” the Galloway 
boys. Internal PIPE GUARD protects against cor- 
rosion and paraffin—assures longer tubing life. 
DURON the best, most economical protection 
for blast joints. Also best for splash zones, offshore 
structures. Write today for case history. 
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SECTION 


CALENDAR 


Dec. 


Shreveport Section. Caddo Hotel. 
Fellowship hour, p.m. Student 
Education Night. 

Kansas City Section 

Metropolitan New York Section. 
New York City. Corrosion Iron 
and Steel, Larrabee, United 
States Steel Corp., Monroeville, Pa. 

Birmingham Section. Cathodic Pro- 
tection Project for Large Housing 
Developments, Jay Steele, Steele 
Associates, Inc. 

San Diego Section. 


Cleveland Section. Eleveland Engi- 
neering and Scientific Center. Stain- 
less Steel, Luce. 


Vancouver Section. 


Jan. 

Shreveport Section. Caddo Hotel. 
Fellowship hour, p.m. Offshore 
Corrosion Control. 

Metropolitan New York Section. 
Newark. Use Epoxy Resins Re- 
sistant Coatings, Howard. 

Vancouver Section. B.C. Electric 
Bldg. Auditorium. Aluminum Ma- 
rine Environments, Sum- 
merson, Kaiser 

Chicago Section. Basteria’s Role 
the Corrosion Iron, Up- 
degraff, Minnesota Mining Mfg., 
Co. 

Cleveland Section. Cleveland Engi- 
neering and Scientific Center. Joint 
meeting with Electrochemical So- 
ciety. 

Kanawha Valley Section. 

Tulsa Section. Mayo Hotel. 

Atlanta Section. 

Panhandle Section. 


PROTECTION 


THE ODIS GALLOWAY CO., INC. 


HOUSTON 

2411 Times Bivd. JA 3-4025 
LAFAYETTE 

100 Maurice St. CE 5-3252 
BEAUMONT 


1601 Cedar, Box 2343 TE 8-1800 


1959 Officers Elected 
For Southeast Region 


Two days technical symposia and 
election 1959 officers were held 
the October meeting the Southeast 
Region Richmond, Va. 

Past Chairman’s Certificates were pre- 
sented the following: Ayers, 
James MacKensie, Range, 
Robert Davis, Tait, John 
West, Herbert Van Nouhuys, Frank 
Putnam, Fred Stull, Arthur Smith 
and Joseph Frink. 

New officers elected were Chairman 
Robert Williams, Celanese Corp., 
Charlotte, C., Vice Chairman George 
Jeffares, Plantation Pipe Line Co., 
Atlanta, Ga., Secretary-Treasurer John 
Paisley, American Telephone and 
Telegraph Co., Birmingham, and Assist- 
ant Secretary-Treasurer John West, 
Aluminum Company America, At- 
lanta, Ga. 

The 1959 meeting the region has 
been planned for October 1-2 Jack- 
sonville, Fla. 


Plastic Engineers Society 
Hold Meeting Jan. 27-30 


Topics probable interest NACE 
members will presented the annual 
technical conference the Society 
Plastic Engineers held January 
27-30 New York City. 

One session will test methods 
with papers given Determining 
Hardness and Stress Cracking and 
Methods Measuring Flammability 
Plastics. 

Another session will devoted 
Ultra-High Temperature Reinforced 
Plastics. Papers included are Be- 
havior Reinforced Plastics Contact 
With Hot Gases, Application Resins 
Re-entry Ablation and Designing Re- 
inforced Plastic Systems for Ultra High 
Temperature Use. 

session Permanence Properties 
will include paper entitled Compari- 
son Short-time Versus Long-time 
Properties Plastic Pipe Under Hy- 
drostatic Pressure. 


Scientific Education— 


(Continued From Page 102) 


science teachers the schools was ex- 
plained Riordan, Rio Engi- 
neering, Houston, Texas representative 
the committee. Mr. Riordan told 
work with two schools the Houston 
area during the past year. 

Mr. Riordan also distributed work- 
ing draft proposed elementary cor- 
rosion manual. suggested that those 
interested the project send additions, 
changes and revisions him, 

While this publication will the 
work, principally, South Central Re- 
gion, ultimate distribution probably will 
under guidance the NACE Publica- 
tion Committee, was pointed out. 


Short Course Manual 


Charles Woody, United Gas Corp., 
Houston, preparing manual outlin- 
ing the procedure whereby corrosion 
control short courses may conducted 
sections. This publication believed 

sections which are active short 
course promotion. 
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Write for this FREE BOOKLET 

This fully illustrated booklet contains 

complete engineering, specification 

fabrication data ALCOA 
Write for your free copy! 
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Only ALCOA offers. 
complete new 
UNITRACE system 


cut costs and raise efficiency 
steam-traced piping 


Users steam-traced pipe have found that valuable 
savings cost plus greatly improved efficiency are 
automatic when they ALCOA® UNITRACE. 
provides steam and product passages extruded 
single unit light, strong, corrosion-resistant alumi- 
num alloy. completely eliminating the need for costly 
external steam jackets inefficient tracer tubes. Now 
new flange and trace cap provide fittings and con- 
nections designed for UNITRACE which are com- 
patible with conventional piping. You can now design 
completely integrated UNITRACE piping systems and 
get all these benefits: 


Low heat internal heat transfer 
The recently introduced round configuration UNI- 
TRACE makes possible most efficient internal heat 
transfer with minimum external radiation loss. 


Easy, economical joints and connections 
The special UNITRACE Flange mates with all 
ASA flanged connections, permits use stand- 
ard flanged valves other flanged connections. And 
the new UNITRACE Trace Cap permits quick, easy 
assembly cross tee connections. 


Uses standard, preformed pipe insulation 

The efficiency UNITRACE often makes insulation 
unnecessary. When needed, standard preformed 
insulation can used. UNITRACE saves extra dollars 
employing smaller diameter insulation than con- 


ventional systems. 


Excellent corrosion resistance 

Thanks the natural corrosion resistance aluminum, 
UNITRACE ideal for handling naval stores, molten 
sulfur, ammonium nitrate solutions, glacial acetic acid, 
fatty acids, tar, pitch, wax, urea, and similar products 
requiring heated transfer lines. 


ALCOA UNITRACE and matching fittings are avail- 
able four standard pipe OD’s: 2”, and 4”. 
Get complete details how you can use them 
raise efficiency and lower cost your own heated 
transfer lines. Call your nearest Alcoa sales office 
write Aluminum Company America, 892-M Alcoa 
Building, Pittsburgh 19, Pa. 


ALCOA THEATRE 
Fine Entertainment 
ALTERNATE MONDAY EVENINGS 


company 
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POSITIONS WANTED 
and 


AVAILABLE 


Active and Junior NACE members and 


companies seeking salaried employees 
may run without charge two consecutive 
advertisements annually under this head- 
ing, not over words set point 
text type. 


Advertisements other specifications 
will charged for $10 column inch. 


Positions Wanted 


Corrosion Engineer—Twelve years’ con- 
tinuous experience all phases cor- 
rosion work including pipe lines, tanks, 
well casings, marine equipment etc. 
degree general engineering, regis- 
tered professional enginer, married, age 


34, CORROSION, Box 58-22. 


Positions Available 


Sales Opportunity life- 
time. Progressive top rated Eastern 
Paint Manufacturer has splendid open- 
ing for experienced corrosion preven- 
tion salesman. Prefer young man with 
ability manage, supervise and train 
salesmen his department. Future pos- 
sibilities unlimited and depending his 
ability. Replies treated strict confi- 
dence. CORROSION, Box 58-24. 


Mechanical chemical engineer posi- 
tion open for graduate engineer sales 
work. Corrosion chemical plant ex- 
perience desirable. Reply CORROSION, 
Box 25. 


COATINGS 
SALES ENGINEER 


Experienced, high performance coating 
sales and service engineer wanted for 
New Orleans Territory major highly 
rated manufacturer industrial coat- 
ings and linings. Must have history 
successful sales. Degree chemical en- 
gineering chemistry preferred but not 
necessary. Base salary plus commissions. 
Maximum potential income high. Send 
complete information, details experi- 
ence, and recent photograph 
Melvin, Carboline Company, Box 
14284, Houston 21, Texas. 


CORROSION 


Several attractive openings are avail- 
able with a highly regarded, major 
Eastern engineering company. These 
positions require Electrical Engineer- 
ing graduates with 5-10 years experi- 
ence in corrosion control investigations, 
corrosion testing and solution of corro- 
sion problems on pipelines, underground 
cables, power plant structures, piers, 
wharves, water and oil storage tanks, 
ete, 

These positions offer ample oppor- 
tunity for professional growth and per- 
sonal achievement. Considerable travel 
within the USA with possibilities of 
some overseas work. invite you 
investigate these opportunities for- 
warding a complete confidential resume. 


CORROSION, Box 58-17 


Barnwall 


GREATER BOSTON Section 
Officers who were hosts 
the Northeast Region Con- 
ference in October are 
shown. They are top left, 
Walter Langlois, section 
chairman also charge 
conference publicity; top 
right, Benjamin Barnwall, 
vice-chairman 
ence registration chairman; 
and bottom, Manson Glover, 
secretary-treasurer and 
Glover chairman conference fi- 
nance committee. Mr. 
Glover helped compile handbook planning 
procedures for regional meetings. 


Houston NACE Member 


Honored Kansas College 


Edward O’Rourke, NACE mem- 
ber, was honored outstanding alum- 
nus his 1938 class St. Benedict’s 
College, Atcheson, Kansas. was ap- 
pointed Grand Marshall the Home- 
coming Parade the college president. 
also presented the Homecoming 
Queen half-time ceremonies during 
the October football game with 
Pittsburg State College. 

Mr. O’Rourke affiliated with the 
Paint Division Pittsburgh Plate and 
Glass Co., Houston. 


Cathodic Protection Talk 


Installation Deep Ground Beds for 
Cathodic Protection was the technical 
talk Levert, United Gas Pipe 
and Paul Miles, Interstate Oil 
Pipe Line, Shreveport, scheduled for the 
Shreveport Section, November 


Section Discusses Coating 


Applications and Limitations Pro- 
tective Coatings was the technical sub- 
ject for the East Texas Section October 
meeting Longview. The speaker was 
Tom Stephens, Amercoat Co., Hous- 
ton. 


Edward Suverkrop, one the first 
members NACE, died July Per- 
sonally known many Kure Beach 
and Wrightsville, C., testing centers, 
directed corrosion studies the past 
years for John Roebling’s Sons Corp. 
sultant after retiring 1956. grad- 
uated from Columbia University School 
Mines 1913. was associated 
with Chile Copper Company South 
America and later with the Duriron 
Company. 


NATIONAL and 


MEETINGS and 
SHORT COURSES 


1959 


Jan. 12-14—Canadian Region. Sheraton 
Mount Royal Hotel, Montreal, Quebec. 


Feb. 11-13—Canadian Region. Calgary, 
Alberta. 


March 16-20—15th Annual Conference 
and 1959 Corrosion Show. Sherman 
Hotel, Chicago. 


Sept. 29-30, Oct. 1—Western Region 
Conference. Bakersfield Inn, Bakers- 
field, Cal. 


Oct. 1-2—Southwest Region. Jackson- 
ville, Florida. 


Oct. 5-7—Northeast Region. Lord Bal- 
timore Hotel, Baltimore, Md. 


Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 


Oct. 20-22—North Central Region, 
Cleveland. 


1960 


Annual Conference and 
1960 Corrosion Show. Dallas, Texas, 
Memorial Auditorium. 


Oct. 11-14—Northeast Region Meeting. 
Huntington, Va. 


Oct. 25-28—South Central Region Con- 
ference, Mayo Hotel, Tulsa. 


1961 


Annual Conference and 
1961 Corrosion Show. Buffalo, Y., 
Hotel Statler. 


Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 


1962 


Annual Conference and 
1962 Corrosion Show. Kansas City, 
Municipal Auditorium. 


October 16-19—South Central Region 
Conference, San Antonio, Texas. 


SHORT COURSES 


1959 


January 22-23. Houston Section. Short 
Course Fundamentals Corrosion 
Control. University Houston, Ober- 
holtzer Hall. 


February 11-13—Tulsa Section. Tenth 
Pipe Line Short Course. Mayo 
otel. 


March 12. Corrosion Control 
Short Course. University Okla- 
homa-Central Oklahoma Section. 
North Campus, University Okla- 
homa, Norman. 


June—Teche Section. Corrosion Control 
Short Course. 


NACE regional and sectional secretaries 
who not have supply the 
Report for Corrosion” may obtain 
copies from the Central Office. The form 
helps providing complete news story 
concerning meetings. The news deadline 
for the tenth the month 
preceding month publication. 
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POLYESTER RESIN 


Quebec. 
algary, 
ference THINNER, STRONGER 
LAMINAC plastic plates and 
frames provide greater fil- 
tering area andcakecapac- 
Region ity than wood filter 
presses. 
ckson- 
Bal- 
Meet- 
egion, 
and 
eting. 
Con- 
LAMINAC HOLDS CLOSE TOLERANCES when ground, makes ALL SIZES AND TYPES REINFORCED LAMINAC plates, frames and 
perfect watertight seal when plates and frames are recessed plates are made William Perrin Limited, Toronto, 
Con- compressed between filter press heads. Canada. 
el. 
For resistance chemical attack, erosion and temperatures 
240° nothing matches reinforced LAMINAC plas- 
ity, tic filter plates and frames! Some the plates illustrated, 
made William Perrin Limited, Toronto, Canada, 


have been service since 1953. They are still going 
orced LAM strong uranium, copper, zinc, and gold refining opera- 

tions and filtration various fatty acids, pigment, dye, 

soap, pharmaceutical, vinegar, brine and pectin solutions. 


filter plates and frames Reinforced Laminac far stronger than wood, making 


possible thinner plates with more filter chambers. These 


factors increase area and capacity much 70%. And 
ber- while initially higher cost than wood, LAMINAC lasts 
cap acity many times longer for lower net cost. 


One-fourth the weight metal, reinforced LAMINAC plates 


and frames are easier handle. They cost much less. 

trol avoided, and the hard, smooth surface easily cleaned. 

For exceptional corrosion resistance and high strength 

your tough applications, see your Cyanamid represen- 
tative about LAMINAC! 

trol 

PLASTICS AND RESINS DIVISION 

ine 

ith Offices Boston Charlotte Chicago Cincinnati Cleveland Dallas Detroit 


Los Angeles Minneapolis New York Oakland Philadelphia St. Seattle 
Canada: Cyanamid Canada Limited, Montreal and Toronto 


ac 
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TECHNICAL 
REPORTS 


HIGH PURITY WATER 
CORROSION 


Symposium Corrosion High Puri 
Water by Committee T-3F on Hig 
Purity Water which includes: 


ce Introduction to Symposium on Corrosion 
Eckel. 
Corrosion of Structural Materials in 
High-Purity Water by A. H. Roebuck, 
Breder and Greenberg. 
Corrosion Engineering Problems High- 
& The Importance of High-Purity Water 
: Data to Industrial Applications by 
Friend. Per Copy 


Symposium Corrosion High Purity 
Water. Five Contributions to the 
Work of NACE Technical Committee 
High Purity Water. Pub. 


Measurement of Corrosion Products in 
High Temperature, High Pressure 
Water Systems Sugalski and 

Corrosion Aluminum-Nickel Type Al- 
loys High Temperature Aqueous 
Service by F. H. Krenz. 


Corrosion Aluminum High Purity 
Atwood. 


The Storage High Purity Water 
Richard R. Dlesk» 4 


Water Conditions for High Pressure 
Boilers by D. E. Voyles and E. C. 
Per Copy 


Remittances must accompany all orders for lit- 
erature the aggregate cost uf which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
SO? eae all addresses outside the United States, Canada 
and Matico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


Deeds 


Houston Texas 


Central Oklahoma Appoints 


Short Course Committee 


Men who will plan and produce the 
corrosion control short course pre- 
sented March 31-April Oklahoma 
University the Central Oklahoma 
Section and the Extension Division 
the University Oklahoma have been 
named the short course committee. 

Committee members are Dan. Car- 
penter, Atlas Powder Co.; Frank 
Burns, General Asphalts, Inc.; 
Carlile, Jr., Shell Oil Co.; John Daly, 
Sunray-Midcontinent Oil Co.; 
Steffens, Oklahoma Natural Gas Co.; 
Ralph Rice, Magnolia Petroleum Co.; 
Ted Sherman, Oklahoma University 
Extension Division; and James, 
Oklahoma University engineering de- 
partment. 

The committee plans meet during 
the afternoon prior each Central 
Oklahoma Section meeting. 


Dates Through May Set 
Cleveland Section 


Technical subjects and dates for meet- 
ings through May have been set the 
Cleveland Section. Papers and talks will 
emphasize coatings since Cleveland 
paint manufacturing center. 

Meeting dates and subjects announced 
are follows: 

December 16—Stainless Steel, 
Luce, Duriron Co. 

January 20—joint meeting with the 
Electrochemical Society. 

February 17—Linings, speaker 
from Heil Process Equipment Co. 

April 21—Protective Coatings, 
Stanley Lopata, Carboline Co. 

May 19—Panel Discussion, Weast 
moderator. 

The Cleveland Engineering and 
tific Center has been selected the 
meeting place. 

William Hooker, Harco Corp., was 
added the section’s advisory commit- 
tee replace Pantalone, who has 
moved California. 


“Tis deeds must win the prize” 


—Shakespeare 


The prize virtually every business operation continuing ac- 


ceptance product service. 


And this prize achieved only one way—by 


formance. 


For years, Mayes Bros. has performed deeds dependability 
for its customers. For years, these customers have been calling 
Mayes Bros. repeatedly for pipe coating and wrapping jobs that 
will stand under the rigors underground service. 


Mayes Bros. values this “prize” above all others and will continue 


put permanence 


ipe every job with materials and work- 
manship consistently high quality. 


MAYES BROS. 


HOUSTON, TEXAS 


Vol. 


Protective Coatings, George Rich- 
ardson, Glidden Co., was scheduled for 
the November meeting; Coatings Speci- 
fications, Application and Performance, 
George Orr, Hill-Hubbell Co., 
for the October meeting. 

Section members made trip through 
the laboratories the National Advi- 
sory Committee for Aeronautics for the 
September meeting. 


New Officers Elected 
San Francisco Section 


New officers for the San Francisco Bay 
Area Section will elected this month 
letter ballot. Candidates nominated 
were John Fraser, Shell Development 
Co., chairman; Roy Dean, Pacific Gas 
and Electric Co., vice-chairman; and 
John Caldwell, Bunker Hill Co., secre- 
tary-treasurer, 

Provision was made for nominations 
made the ballots the mem- 
bers. 

The Use the Corrosometer for 
Refinery Corrosion Control was the tech- 
nical talk scheduled for the December 
Piehl, Standard Oil Company Cali- 
fornia. 

Comparative Properties Five Metal 
Protective Coatings, Roy Landis, 
Sherwin-Williams was the No- 
vember meeting’s subject. 


Cathodic Protection Panel 


panel discussion cathodic pro- 
tection was the 
program for the Lehigh Valley Section. 

the September meeting, mem- 
bers and guests heard Spencer 
Shepard, Chemical Construction Corp., 
speak Corrosion the Chemical In- 
dustry. 


Paint-Varnish Club Meets 


was presented Thomas Reeve, 
Nemours Co., Inc., the October 
meeting the Houston Paint and Var- 
nish Production Club. 

The University Oklahoma Corrosion 
Control Short Course will held March 
31-April the North Campus, Nor- 
man. 


COKE 


Backfill for Anodes 
Ideally suited for use with anodes. Has high carbon 


inch. bulk sacks. Prices other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


Mt. Olive, Ala. 
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Asbestos, the ageless mineral fiber, comes from the 
ground. used J-M Asbestos Wraps, its fibers 
are always home” the ground. 


Johns-Manville As- 
bestos Wraps are avail- 
able types for field 
application mill wrapping. 


LIKE WRAPPING YOUR PIPE ENAMELS STONE! 


Asbestos Wraps 


for tough, lasting protection 


(Left) Plasticized without 
Asbestos Wrap did not stand 
soil stress tests. Coating had been 
applied 18” sections O.D. 
pipe buried bentonite clay which 
was then subjected series 
wetting-downs and dryings. 

(Right) Plasticized enamel with J-M 
Asbestos Wrap shows the full effec- 
tiveness shielding action provided. 
Sample was excellent condition 
after wetting-drying cycles. 


Obviously, pure stone can’t fabricated 
into sheet roll form for pipeline enamel 
protection. But you can get the closest 
thing it—J-M Asbestos Wrap, made 
lasting mineral fiber that’s completely 
home underground and uniquely condi- 
tioned nature not rot decay. 

addition being ageless, asbestos 
fibers are unusually strong and tough. 
used J-M Wraps, the fibers are felted, 
then impregnated with either coal tar 
asphalt saturant form, virtually, flexible 
covering stone. These quali- 
ties provide the durable shielding needed 


protect enamels from earth loads, soil move- 
ment, other forces which weaken coatings 
and permit pipe corrosion set in. 
Extensive research and field tests con- 
engineers have demonstrated these long- 
lasting protective values J-M Wraps: 
Wraps offer the most effective 
single protection against damage—prolong 
the working life pipeline enamels.” 
Pipeline engineers are invited write for 
their own copy this report PP-34A, 
3-Point Study Pipeline Coatings and 
Wrappers, cost obligation. 


Johns-Manville, Box 14, New York Canada, Port Credit, Ontario 


JOHNS-MANVILLE 
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OFFSHORE the durable corrosion-resisting qualities 


co; 

Humble’s coatings give substantial savings! 

costly offshore drilling platforms and equipment, Humble’s 

protective coatings have proved their ability resist the powerful 

corrosive action salt water splash, spray and vapor. There’s For detailed informa- 

Humble protective coating for every surface from the splash-zone 

the crown block, including the working platform and structures the 

vinyls, epoxies, phenolics, alkyds and others, available Humble salesman, 

For the platform itself, excellent results have been obtained 

using six-coat vinyl system, including one vinyl mastic coat, 

total dry film thickness from mils. Humble’s vinyl protec- 2180 

tive coatings produce tough, flexible film that gives remarkable Texas 

Humble protective coatings are readily available Humble 

wholesale plants throughout Texas and New Mexico. 


HUMBLE OIL REFINING COMPANY HUMBLE 


I 


Armour Foundation 
Corrosion Research 
Surveyed Report 


The following corrosion research pro- 
are reported the 1957 annual 
‘eport the Armour Research Foun- 
lation: 

Coatings 

The number ceramic materials used 
coatings being increased. Process 
has been developed, and such 
coating compositions zir- 
rutile titania, alumina, ilmenite 
and mullite have been standardized. 

National Carbon Company studying 
protective treatments and coatings for 
Practical application graph- 
ite refractory limited its sus- 
ceptibility oxidation temperatures 
above red heat. 


Air Pollution 

air pollution evaluation survey has 
been conducted Gary, Ind. Analysis 
the data will aid development 
modernized program air pollution 
control. 

Inhibitors 

Research the Wright Air Develop- 
ment Center’s Organic Materials Branch 
concerned with the synthesis or- 
ganic chemicals and their evaluation 
high-temperature oxidation-corrosion in- 
hibitors for mineral oil, synthetic ester, 
silane and silicone-type fluids. 


Metallurgy 

Boeing Airplane Company and the 
Air Force are determining the tension, 
compression, bearing and shear proper- 
ties titanium alloy tem- 
peratures from 1000 Results 
will provide information used 
future aircraft and missile structures 
using the alloy. 

Evaluation the effects time, tem- 
perature and stress the stability 
titanium-chromium alloys has been com- 
pleted Wright Air Development 
Center. 

deposited nickel plating has been under- 
taken General American Transporta- 
tion Corporation. 


Electrochemistry 

Investigation basic factors affect- 
ing tinplate corrosion being conducted 
Jones and Laughlin Steel Corpora- 
tion. 

Development electrochemical tech- 
niques improve the corrosion resist- 
ance tinplate containers 
studied Continental Can Company. 
New laboratory tests for evaluating and 
comparing enamels have reduced the 
time long-term pack tests. 

Procedures inhibit white rust for- 
mation hot-dip galvanized steel are 
being developed Weirton Steel Com- 
pany, division National Steel Corp. 

Vacuum deposited ductile films 
mild steel surfaces are being studied 


Steel Corporation. Test panels 
have satisfactorily withstood peeling, 
bend and rusting tests. 


Welding and Brazing 

Effects interstitial contaminants, 
singly and combination, the weld- 
ability titanium alloys have been 
studied the Wright Air Development 
Center. Effects carbon, oxygen, nitro- 
gen and hydrogen have been investi- 
gated. 

The. Center has also started brazing 
filler metal alloy development program 
concerned with the joining stainless 
steel Inconel. 


Wrought Iron Standards 
Set Fire Underwriters 


Standards for the use wrought iron 
for filling, inside and mill-use piping 
the construction and installation 
water tanks have been issued the 
National Board Fire Underwriters. 

Wrought iron was designated the 
standards because its resistance 
corrosion caused wet and dry condi- 
tion, foreign elements water and gen- 
eral atmospheric conditions. The inac- 
cessability tank piping requires 
durable material keep maintenance 
minimum. 

These standards were also recom- 
mended the National Fire Protection 
Association. 


New 16mm Color Film 
Corrosion Available 


new color film corrosion 
explains what causes anodes and cath- 
odes form steel surfaces, how they 
produce electrolytic corrosion and what 
can done prevent this corrosion. 

Available from Amercoat Corp., 4809 
Firestone Blvd., South Gate, this 
sound-track film discusses inhibitors, 
alloys, galvanizing, cathodic protection 
and coatings. Case histories are pre- 
sented show how corrosion problems 
are solved various industries. 

Running time minutes. 


BOOK NEWS 


Guide Technical Reports. Henry 
Dan Piper and Frank Davie. 
pages, inches, paper. May 21, 
1958. Rinehart Co., Inc., 232 Madi- 
son Ave., New York 16, N.Y. Per 
copy, $1. 

brief guide the 

preparation and writing reports 

technical subjects. The subpect matter 
includes fundamentals report, writ- 
ing methods, types, standard 
dures, punctuation, grammar and style, 
and appendix examples the sev- 
eral kinds reports and their revisions. 

The guide revision earlier 
book prepared the authors for use 

Shell Oil Company and classes for 

students California Institute Tech- 

nology. 


ERAL 


Longest Offshore Platform 
Have Cathodic Protection 


Y-shaped offshore platform one 
mile length will have its steel pilings 
protected from salt water corrosion 
rectifier-type cathodic protection. 

Believed the world’s longest, 
this offshore platform being built 
the Freeport Sulphur Company’s Grand 
Isle Mine off the coast Louisiana near 
Grand Isle. 

The New Orleans division Corro- 
sion Rectifying Company 
cathodic protection the platforra. 
Coreco-type rectifiers with graphite 
anodes are being used. The project will 
probably require over year for com- 
pletion. 

Sections the platform will pre- 
assembled port and towed the 
mine site for final assembly. 


Co-op Educational Programs 
Discussed New Book 


Co-operative scientific educational pro- 
grams, under which students alternate 
work with study their chosen fields, 
are discussed new book entitled 
“Hand Hand,” published Gordon 
Co., Bedford 56, Mass. 

Actual work the student’s chosen 
field industry alternated with pe- 
riods college study balance theory 
with experience and provide broader 
base for success. This program one 
answer modern education’s problem 
how steer students into scientific 
careers for which they are best suited, 
according the committee engineers 
and educators which authored this book. 


Coating Analysis Published 


Time-saving techniques for infrared 
analysis coatings are described 
Army research report just released 
industry. 

Entitled “Rapid Determination 
Polyachrylonitrile Coatings Infra- 
red Absorption Spectrometry,” the re- 
port available from the Office 
Technical Services, Department 
Commerce, Washington 25, D.C., 
cents per copy. 


Corrosion Resistance Tables 


A_new reference catalog stainless 
steel pipe fittings includes 
section giving corrosion resistance 
tables. Data manufacturing standards 
and welding stainless steel are also 
included. The catalog available from 
Ladish Co., Cudahy, Wis. 


Chemical Industry Society 


Meetings the Corrosion Group 
the Society Chemical Industry 
London, England, have been scheduled 
for Dec. 19, Jan. and 22, Feb. 11, 
March and 18, April and 

NACE members visiting England 
have been invited attend the meetings. 
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Adhesives 


High-strength Adhesives that bond 
variety material each other 
dissimilar materials have been developed 
Ceilcote Company, Cleveland. Called 
Ceilcote Adhesive No. 348, rec- 
ommended for bonding new concrete 
old concrete and can used bond 
steel, brass, aluminum, wood and certain 
plastics each other concrete. 


Aluminum 


World’s First all-aluminum railroad re- 
frigerator cars are being tested the 
Canadian National Railways. Designed 
Aluminum Company Canada, Ltd., 
and National Steel Car, the new cars 
were designed with all-aluminum con- 
struction eliminate expensive repairs 
and repainting due corrosion caused 
brine solutions used the refrigera- 
tion system. The use aluminum re- 
duced the gross weight the car seven 
tons over standard rail cars. 


Cleaning 


Cleaning Costs for metals can ana- 
lyzed and compared new method 
presented booklet issued the 
Pont Electrochemicals Department, Wil- 
mington, Del. Total hourly cleaning 
costs can figured inserting basic 
operating information into simple 
mulae. 


Chelating Agents are used new 
technique for hydroxy apatite boiler 
scale removal announced Dow Chem- 
ical Co., Midland, Mich. Downtime has 
been reduced much hours for 
high make-up industrial boiler cleaning. 
The agents are introduced into the 
boiler system water solution and 
circulated low pressures until the re- 
action complete. 


Ultrasonic Cleaning Systems larger, 
high-powered sizes are being mass pro- 
duced Narda Ultrasonics Corp., 
Westbury, Long Island, Known 
the Series 5000 SonBlaster, the sys- 
tems include output generator and 
10-gallon transducerized cleaning tank. 


Coatings 


Wire and Powder Sprayed Coatings are 
discussed new engineering data 
bulletin published Metallizing Engi- 
neering Co., Westbury, Long 
Island, Characteristics and appli- 
cations the coatings are given plus 
various types spray equipment. 


Galvanized Surfaces can protected 
new paint with red lead-iron ozide- 
dust pigmentation alkyd resin 
vehicle. The paint can used rusted, 
weathered, treated new galvanized 
surfaces. discussed Red Lead 
Technical Letter No. available from 
Lead Industries Association, East 
42nd Street, 17. 

Clear and Colored Coatings for use 
metal, plastics, glass and wood are ex- 


plained brochure published Bee 
Chemical Company, 12933 South Stony 
Island Ave., Chicago 33. Information 
coatings for various surfaces spray- 
ing, screening and roller coating 
given. 


Chrom-Lume Process, new method for 
plating chromium directly aluminum 
and its alloys, has been developed 
Service Hard-Chromium Co., Route 22, 
Union, provides direct coating 
chromium the basic metal with 
intermediate metallic deposition cop- 
per, nickel zincate needed. 


Kanigen Process method for de- 
positing uniform corrosion and abra- 
sion resistant nickel alloy coating 
iron, copper, aluminum, titanium and 
their alloys without the use electric- 
ity. Details this process are given 
Technical Bulletin 258 available from 
General American Transportation Corp., 
135 South Salle, Chicago 90. 


Drum Vent 


Automatic Pressure Relief for 55-gallon 
steel drums provided drum vent 
valve manufactured Protectoseal Co., 
1920 South Western Ave., Chicago 
Designed for drums with 2-inch bung 
openings the head, this valve prevents 
drum rupture and loss contents even 
extreme conditions when the drum 
surrounded fire. 


Fittings 


Stop-N-Go new fitting that serves 
line cap and extension fit- 
ting for 2-inch gas mains. Developed 
Dresser Mfg. division, Dresser Indus- 
tries, Inc., Bradford, Pa., the fitting per- 
mits the making extensions without 
shutting off the main pressures 
not exceed psi. 


Instruments 


Technicon AutoAnalyzer, new system 
for continuous automatic chemical anal- 
ysis, can detect trace materials down 
parts per billion with accuracy 
percent, according Technicon Con- 
trols, Inc., Chauncey, All steps 
chemical analysis (measuring, mixing, 
purifying, processing, comparing and re- 
cording) are done automation. 


Laboratories 


Planning and Development new 
products are emphasized the newly 
created department Metal Thermit 
Corp., 100 Park Ave., New York 17. 
Present products the company in- 
clude electroplating, organic coatings, 
welding supplies and products for the 
ceramic industry. 


Industrial Technical Service, new cus- 
tomer service division, has been added 
Process, Inc., Staten Island 
Y., manufacturers metal clean- 


ers, paint strippers, rust and carbor 
removers and pickling inhibitors. 


Metals—Ferrous 


Zinc-coated Sheets high strength, low 
alloy steel are being produced Jones 
Laughlin Steel Corp., Pittsburgh 30. 
With yield point 50,000 minimum 
psi and tensile strength 70,000 mini- 
mum psi, the product will marketed 
High Tensile Low Alloy JalZinc 
Sheets. Principal uses will for struc- 
tural applications such roofing, sid- 
ing, flooring, angles and channels. Its 
corrosion resistant qualities make suit- 
able for use highway guard rails. 

Proper Specifications can determined 
for various types carbon, alloy and 
stainless steel tubing, pipe, fittings and 
flanges from folder published Bab- 
cock Wilcox Co., Tubular Products 
Division, Beaver Falls, Pa. The folder 
serves cross reference between the 
type steel, the application and the 
specifications the product. 

Wrought Iron being used construc- 
tion the Thomas Allen Electric 
Generating station the shore Lake 
McKellar, south Memphis. Specified 
one the materials this large cir- 
culating water system, wrought iron 
used for piping and elbows leading into 
the condenser and concrete manifold 
the discharge side. 


Pipe 

Plastic Irrigation Pipe for underground 
use being manufactured South- 
western Plastic Pipe Co., Box 
117, Mineral Wells, Texas. engineer- 
ing data bulletin available giving ve- 
locity and head-loss data for usage 
ranges 200 5200 gallons per minute. 


Carlon PVC Pipe and Fittings, 16- 
page booklet describing the pipe, tubing 
and fittings made Carlon Products 
Corp., 10225 Meech Ave., Cleveland 
Ohio available request. Tabulated 
data are given resistance corro- 

Impervite Piping System, using glass 
fiber armor for protection against phys- 
ical abuse, can fitted easily the 
field with only hacksaw and wrench 
because made impervious graph- 
ite. Available from Falls Industries, Inc., 
Aurora Road, Solon, Ohio, the pipe and 
fittings are furnished with flanges at- 
tached, Joining accomplished 
gasketing between flanges. 


Plastics 


Silicon Rubber Parts are being precision 
molded Sierra Engineering 
Sierra Madre, Cal. Parts are formulated 
for extreme conditions including resist- 
ance fuels, oils, solvents, moisture, 
ozone and weathering. 

Weyman Company, northern Califor- 
nia representative for Plasite, product 
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microns 


Here’s dramatic proof 
modern coal-tar 

enamel’s long-lasting 
corrosion protection 


Natural Gas Pipeline Company America 


relocated portion its line near Truro, which 
had been continuous service for years. Inspection 
the pipe disclosed that had been completely pro- 
tected against corrosion its Bitumastic XXH Enamel 
protective coating. fact, the pipe—under minimum 
cathodic protection for only its 27-year life—was 
such excellent condition that the firm planned re-use 
this entire portion the line. 


section this old pipeline and its coating was 
brought the Verona Research Laboratories Kop- 
pers for testing and analysis. The 27-year-old enamel 
was subjected standard ASTM tests for melting point, 
penetration, ash content and other physical character- 
istics. All the test results showed that the enamel had 
not been affected its underground service and that 
identical material being supplied today. 


KOPPERS 


Present XXH Enamel 


1930 XXH Enamel 


COATINGS AND ENAMELS 


GENERAL NEWS 


Comparative spectra modern Bitumastic 
XXH Enamel and old enamel removed from 
underground line after years service. 


Finally, the infra-red absorption spectra shown above 
were obtained: note the close parallel between the old 
and new Bitumastic enamels throughout the spectrum. 
This similarity indicates that present-day Bitumastic 
will give the same protection against corrosion 
underground did the old enamel. Modern coal-tar 
enamel can expected exceed the 27-year record 
the old coating, since today’s application and inspection 
techniques are far better than those used the 


This proof-of-protection confirms again the superior 
waterproofing ability coal-tar enamel that makes 
the best investment for permanent protection your 
pipeline. For further information, write call Koppers 
Company, Inc., Tar Products Division, Pittsburgh 19, 
Pa. District Offices: Chicago, Los Angeles, New York, 
Boston, and Woodward (Birmingham), Ala. Canada: 
Koppers Products Ltd., Toronto. 
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Wisconsin Protective Coating Co., 
has moved larger facilities 607 
Addison Street, Berkeley. 

Harco Corporation, designers ca- 
thodic corrosion protection systems, has 
moved into new headquarters 4600 
East 71st Street, Cleveland 25. 

New Polyken Tape Plant has been 
opened Franklin, Ken., the Ken- 
dall Company, manufacturer pressure 
sensitive adhesive tapes and plastic pro- 
tective tape coatings. 


PROVED BY. 
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Two-Layer Coatings vinyl-aluminum 
permit making pre-engineered metallic 
buildings with colored surfaces. bro- 
chure describing the method and show- 
ing colors available from 
Corp., Detroit 29, Mich. 


Vinyl Plastic Tags into which perman- 
ent raised letters are pressed can 
prolonged portable hand embosser. 
The Midgie Labeler, made Roovers- 
Lotsch Corp., 3611 Fourteenth Ave., 
Brooklyn 18, produces the label 
from continuous roll with adhesive 
backing. 


Pumps 

New Features differential drainage 
and boiler return system offered 
Stickle Steam Specialties Co., 2215 
Valley Avenue, Indianapolis 18, lowers 


MILES MILES 


MILES MILES MILES MILES 


MILES 
MILES 


MILES MILES MILES MILES 
ABSOLUTELY NO-COKING PERFORMANCE 
Perrault-American Tar-Heating 


Kettles 


Full-Coverage mat-bar agitator 
Full Insulation for Fast, Econom- 


ical Dope melting 


heating kettles give contractors 


EVERY THING FOR 


Line Traveling and Stationary 
Coating and Wrapping Ma- 


the most economical, rapid, main- 
tenance-free service. Agitator ac- 
tion complete fast enough 
keep all material from burn- 
ing, but does not “whip”. Drain 
valve inside kettle eliminate 
pre-heating. Diesel fuel grav- 
ity-fed with pump required. 
Fuel tank capacity gal. 
Other sizes, well patch pots 
and burners available. Write 
phone for complete details. 


2 


chines, Cleaning and Prim- 
ing Machines, Pneumatic 
Clamps. American 
Tar-Heating Kettles, Patch- 
pots, Burners, parts and ac- 
cessories. Esco Digging Teeth 
Pipe Protection Materials 
Kraft, Asbestos Felt, Glass 
Wrap and Rock Shield. Gen- 
eral Supplies—Hooks, Blocks, 
Line-Up Clamps, Sling Belts, 
Cradles, Hand Tools, mater- 
ials, supplies and equipment 
for the Pipeliner. 


THE PIPELINER! 


Vol. 


operation and maintenance costs. De- 
signed for any application where 
used for processing pressures over 
pounds, the new system includes 
two-stage pump, new 
level control, chrome plated pump 
nals and Teflon packing differentia 
valve, 


Pump Controls 


Two Separate Controls are combined 
one control with only one tank opening 
the Magnetrols manufactured 
Magnetrol, Inc., 2110 Marshall Blvd., 
Chicago 23. The pump control provides 
two level stages, wide differential for 
control one two pumps and high 
low alarm. 


Seals 


Mechanical Seals will produced 
new division Borg-Warner Corp., 
Los Angeles 54. The seals will de- 
signed replace packing conven; 
tional centrifugal pump stuffing boxes 
the glands rotating shaft. 


Solvents 


Arolon 1000, water soluble resin elim- 
inating flammable solvents 
yet the properties high 
quality organic solvent systems, being 
introduced Archer-Daniels-Midland 
Co., 700 Investors Bldg., Minneapolis 
The resin combines the advantages 
both non-drying and drying alkyds used 
baking finishes. 


Thermowells 


Jacketed, Steel Thermowells with 
tantalum tips have been added the 
corrosion resistant Fluoroflex-T 
ucts the Roseland, 
These withstand con- 
tinuous immersion. all dilute acids 
350 Special tips can fabricated 
order for different conditions. 


Tubing 

Tubular Products available from the 
Bishop Co., Malvern, Pa., are dis- 
cussed new catalog issued the 
company. Information given types, 
gfades, lengths finishes and character- 
istics stainless steel, nickel and nickel 
alloy tubing. 


Heavy-wall Duplex Tubing consisting 
heavy inner tube with outside 
covering thin-wall nonferrous tubing 
has been developed Bridgeport Brass 
Co., Bridgeport Conn., for use 
high-pressure heat exchangers. This tub- 
ing was designed withstand the high 
pressures and corrosion attacks inherent 
with heat exchangers. 


Tube Cleaners 


Air-Driven Mechanical tube cleaners 
have been used successfully utilities 
clean corrosion from the inside sur- 
inch gas pipe four minutes cost 
about cents foot, including labor. 
Cleaning was done without moving pipe 
from stacks. 


Valves 


Rovalve Fig. combines light weight 
and corrosion resistance new valve 
that will handle pulp stock, slurries, 
sludges, pure liquids and gases. re- 
placeable drip-tight both 
ways de-watering problems. 
Available wafer, standard special 
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Tube-Kote research has produced 
many new coatings each with 
special properties needed solve 
unique corrosion problems for the 


following industries: 


Chemical Food Processing 


Petro Chemical Oil Field 
Refining Plastic 
Beverage Textile 
Electronic Transportation 


GENERAL NEWS 


you have specialized coat- 
ing problem, call the experience 
and ability Tube-Kote Industrial 
Sales Division provide coating 
for your particular needs. 


pes, 
ing 
igh 
e- 
TUBE-KOTE RESEARCH AND SUPERIOR METHODS BRING YOU MORE DURABLE COATINGS AND FASTER SERVICE ... LOWER COST! 
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dimensions, Rovalves are manufactured 
1945 Columbia Blvd., Portland 17. 


Positive Choke Flow Control employ- 
ing patented access fitting principle 
being produced Cosasco Division 
Perfect Circle Corp., Monte, Cal. 
This control eliminates expensive valves 
from oil production flow lines and con- 
tains moving parts subjected pres- 
sure, fluid, distortion wear. Choke 
beans can changed under full operat- 
ing pressures without system shutdown. 


Model PD, Detector 


Tinker Rasor have developed new, 
compact, highly effective, all tran- 
sistor, Pearson-type detector. This 
instrument, the Model PD, produces 
watt, 750 cycle audio signal 
buried pipeline. This signal can 
clearly heard through new T&R 
4-stage, transistor receiver, small 
enough worn the operator’s 
belt. Through sharp filters, this new 


Oscillator 
with Inter- 
rupter 
Signal. 


with TINKER RASOR’S New 


Crosby Style Valve, newly de- 
signed relief valve manufactured 
Crosby Steam Gage and Valve 
Wrentham, Mass., has special bellows 
seal out corrosion and prohibit for- 
eign particles building and freezing 
the moving parts. Made corrosion re- 
sistant alloys, the bellows permit valve 
springs and guides maintain correct 
size even corrosive fouling services. 

Tiny—a new solenoid valve only 
inch height—has been introduced 
Atkomatic Valve Co., Inc., 545 
Abbott Street, Indianapolis 25. Desig- 
angle-type valve machined 
bar stock with stainless steel plunger 
and point assembly. Direct lift operation 
makes suitable for operations under 
wide ranges pressures. 


receiver rejects unwanted cycle 
signals. The receiver weighs but 
oz. and draws 800 micro amperes 
from 4-volt mercury battery. The 
Model detector makes pos- 
sible follow buried pipe, 
locate holidays that pipe’s pro- 
tective coating well any elec- 
trical shorting between the pipe 
and other metal structures. 


All components except oscillator 
storage battery are supplied 
sturdy carrying case. 


Transistorized 
Receiver worn 
operator’s belt. 


Write For Data 


DISTRIBUTORS: Crutcher-Rolfs-Cummings, Inc., Houston, Texas, Remco Manufacturing 


Co., Inc. 
Alberta 


Tulsa, Oklahoma, Canadian Equipment Sales and Service, Ltd., Edmonton, 
Bob Herrick, Rentals and Service, 


Penna., Falcon Line Products 


Corp., Elizabeth, New Jersey Export Agents: Frazar and Hansen, Ltd., San Francisco. 


Chem-Check Valves are all plastic, avail- 
able PVC types and II, Kralastic, 
Penton and Profax. They have such 
mechanical features full-flow, low 
pressure drop and built-in vibration 
damper. The valves can operated 
any position and are available pipe 
sizes from inches from Chemtrol 
Company, Lynwood, Cal., manufactur- 
ers plastic piping equipment 
rosion services. 


Flex-Plug Plastic Gate Valves with 
socket-weld ends have been announced 
Vanton Pump Equipment Corp., 
Hillside, Available sizes from 
copolymer, these valves offer the com- 
bined features straight through no- 
pressure-drop flow with close throttling 
control, 


Welding 


Thermoweld 
make connections cathodic protection 
wiring are described ina pamphlet 
available from Continental Industries, 
Inc., 7401 East St., Tulsa, Okla. The 
system involves the use powdered 
copper oxide and aluminum which pro- 
duce fusion weld inside mold. 

Recommendations for Arc-Welding Ti- 
tanium gives comprehensive information 
persons interested the techniques. 
The brochure may obtained from 
Mallory-Sharon Metals Corp., Niles, 
Ohio. 


Water Treatment 


Water Service Laboratories, Inc., 615 
West Street, New York 27, will 
treat the water prevent corrosion 
the air conditioning system the new 
34-story gold-colored skyscraper being 
built 575 Lexington Avenue. The 
cooling system will have capacity 


2000 tons. 


Ralph Rathyen has been promoted 

industrial sales manager Joseph 

Dixon Crucible Co., Jersey City, 


Wesley Schroeder has been pro- 
moted product research manager 
the Research and Development Depart- 
Pittsburgh Coke Chemical 
oO. 


Robert McQuarrie has been assigned 
northwest coast field service engineer 
for Byers Company. 


Joseph Santilli, has been ap- 
pointed marketing manager Atlas 
Powder Company’s 
ment 

Calvin Wright field service en- 
gineer for Byers Company 
Baltimore. succeeds Ross who 
retired after years’ service. 


Edward Saubestre has joined En- 
thone, Inc., New Haven, Conn., as- 
sistant research director. His work has 
chemistry. 

Eldridge Camp, manager the 
Finishes and Corrosion Laboratory 
IBM, participated the December 2-4 
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Save per cent laying costs large- 
diameter pipelines. pipe with Copon 
Arocoat before installation. Then, haul it, stack it, 
bend and lay with little more care than you 


Arocoat coatings provide superior corrosion control. 
They will not deteriorate the 
tough and elastic...and are unaffected tempera- 
ture extremes. Successful applications include sub- 
merged, buried and exposed transmission lines. 


e 
would use for bare pipe. Tough Copon Arocoat 
coatings will survive these operations without chip- Get complete information Copon Arocoat, in- 
ping cracking, and Copon Arocoat can applied dustry’s newest weapon the fight against rising 


costs corrosion. Write today the Copon Asso- 


welds with ordinary paint brush. 
ciate located nearest your city. 


combination epoxy and coal tar resins, Copon 


COPON ASSOCIATES 
INDUSTRIAL PAINT MANUFACTURING CO. 


BENNETT’S 
65 W. First South St., Salt Lake City, Utah P. O. Box 2371, Birmingham 1, Alabama a 
WALTER BOYSEN CO. KING AND COMPANY, INCORPORATED 
42nd and Linden Sts., Oakland Calif. 640 Pleasant Street, Norwood, Mass. 
2309 15th St., Los Angeles, Calif. KOHLER-McLISTER PAINT CO. 
BRITISH AMERICA PAINT CO., LTD. Box 546, Denver Colo. 
Box 70, Victoria, C., Canada McDOUGALL-BUTLER CO., INC. 
BROOKLYN PAINT VARNISH CO., INC. 2929 Main St., Buffalo 14, New York 
50 Jay Street, Brooklyn 1, N. Y. MULSYN PAINT & CHEMICALS a 
COAST PAINT & LACQUER CO. 64-70 Hanover Street a! 
P. O. Box 1113, Houston 1, Texas Fitzroy, N. 6, Melbourne, Aust. = deel 
COAST PAINT LACQUER MEXICO, JAMES SIPE and COMPANY, INC. 
Apartado Postal No. 9637, Mexico, Box 8010, Pittsburgh 16, 
ENTERPRISE PAINT MANUFACTURING CO. SOCIETE DES VERNIS PYROLAC 
51, Rue De Lechat Creteil (Seine), France 


2841 S. Ashland Ave., Chicago 8, Ill. 
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(Continued From Page 116) 
conference reliable electrical con- 
nections held Dallas the 
tronic Industries Association. 
member NACE. 


James MacDonald, mem- 
ber, has been named Byers Com- 
pany representative Toronto, On- 
tario, Canada. 
John Kittrell has been named man- 
ager American Viscose Corporation’s 
Meadville, Pa. acetate plant. Mr. Kit- 
trell, immediately afterward 
following appointments, Harley Mor- 
ris, technical adviser the plant man- 
ager; William Mohney, technical 
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chemist. 


Robert Titgemeyer has been named 
branch manager the Los Angeles 
territory the Carpenter Steel Co., 
Reading, Pa. started with Carpenter 

Owen Walker has been appointed 
Houston and Gulf Coast district sales 
manager for the Ohio Injector Co. After 
graduating from the University Hous- 
ton 1951 became associated with 
Gulf Oil Co. sales 
assignments, 


Louis Glesmann, who has been vice 
president manufacturing 


manager well director Revere 


Cathodic protection supplies new Cleveland warehouse. 


ANNOUNCEMENT! OPENS. 
CLEVELAND, OHIO PLANT 


Here’s another reason why you’ll find pays check with CSI for help 
preventing corrosion buried metal structures all kinds. Now, serve 


you faster and better, CSI has opened new office and warehouse 1309 


Washington Ave., Cleveland 13, Ohio. 


CSI engineers are pioneers and experts the cathodic protection trans- 
mission and distribution pipelines, oil and gas well casing, tank bottoms, etc. 


They offer complete line of: 


Brand-name materials and equipment, including 
Good-All rectifiers meet your requirements 
Dow magnesium anodes, including the new 
Packaged special anodes your specifications 
National graphite anodes, Duriron anodes 
Instruments Agra, Fisher, Collins, etc. 
General cable, Cadweld equipment, many others 
Expert engineering and consulting services 
Design and installation—experienced crews 
Equipment handle the largest turnkey job. 


Large stocks for immediate shipment. Competitive quotations estimates 
without obligation. Let demonstrate our economical and satisfactory serv- 


ice. Call write today. 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


CORROSION SERVICES 


INCORPORATED 


General Office: Tulsa, Okla. 


Box 7343, Dept. C-12 
Tel. Circle 5-1351 


superintendent; Anderson Nalley, Jr., 
head the processing department; 
and Joseph Hoegerl, chief control 
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Copper and Brass Inc., was scheduled 
for retirement August after years 
service. Mr. Glesmann, who 65, 
will continue with Revere consult- 
ing capacity. 


Charles Sherman has been appointed 
technical director Jones Laughlin 
Steel Corp., stainless and strip division. 
will charge the division’s 
research and development activities. 


Edward Kent, Jr., has been named 
industrial sales manager Kohler- 
McLister Paint Co., Denver. NACE 
member, Mr. Kent will co-ordinate all 
industrial coating sales. Kohler-McLis- 
ter member Copon Associates, 
manufacturers epoxy coatings for 
corrosion control. 

Frank Dorr, Jr., has joined the cor- 
rosion engineering staff Rio Engi- 
neering Company, Houston. Ben Rus- 
sell new member the sales staff. 
Both men are NACE members and 
have several years experience the 
corrosion engineering field. 

Farrer, formerly the Chemical 
Research Laboratories DSIR, has 
joined Spencer and Partners, Consulting 
Engineers, Grosvenor Place, London, 
S.W.1. Mr. Farrer has recently com- 
pleted corrosion research program 
Cambridge University. 


Richard Shaffner has been named 
sales manager the northern division 
Prufcoat Laboratories, Inc., Cam- 
bridge, Mass. His area will include 
Buffalo, Pittsburgh, Cleveland, Cincin- 
nati, Detroit, Chicago and St. Louis 
with headquarters Niagara Falls, 
NACE member, Mr. Shaffner 
has been active the Niagara Frontier 
Section. 

e 
consultant for California Chemical In- 
ternational, Inc., South America. His 
office will Sao Paulo, Brazil. Ivan 
Breval will replace Mr. Camarena 
the CCI San Francisco sales staff. 


Robert Smith, vice president 
Tempco, Inc., Nashville, Tenn., was 
elected president the Porcelain En- 
amel Institute its annual meeting 
September. 


Dr. Marvin Shrader, supervisor 
organic chemicals research for Pitts- 
burgh Coke and Chemical Company, 
died September 21. 


e 
Herman Bakken, vice president 
Aluminum Company America and 
general manager the refining divi- 
sion, has retired and will replaced 
manager Ranald Fox. 


Isquith, Navy rear admiral 
retired, has been appointed vice presi- 
dent the board directors Resin 
Research Laboratories, Inc., Newark, 


New Jersey. 


Raymond Adams Gilman Paint 
Varnish Co., Chattanooga, was named 
president-elect the Federation 
Paint and Varnish Production Clubs. 
Paint Co., Baltimore, was installed 
the 37th president the Federation. 

Gerald Delaney has been appointed 
the Platecoil Division Tranter 
Mfg., Inc., Lansing, Mich. 
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the right place look for 


an 
Call Mutual for prompt delivery 
chromium chemicals —in the grade 
and package you need 
i- 
Whatever your application may be, Mutual 
can supply you with chromium chemicals 
which are the quality standard the industry. 
What’s more, you’re always assured 
dependable supply, on-time delivery and ex- 
pert assistance from our technical service 
staff. Send for the bulletin shown above. 
contains detailed information Mutual 
chromium 
Mutual chromium chemicals 
Sodium Bichromate Potassium Bichromate 
Sodium Chromate Potassium Chromate 


Chromic Acid Ammonium Bichromate 
Koreon (one-bath chrome tan) 


SOLVAY PROCESS 
DIVISION 


MUTUAL chromium chemicals are available through dealers and 
SOLVAY branch offices located major centers from coast coast. 


CHROMIUM CHEMICALS 


Fiber Drums Steel Drums (Paper) (Burlap) 
Pounds net 100 200 264 400; 100 400} 7 100 100 


100 
Sodium Chromate 

Anhydrous 

Tetrahydrate 

Sodium Bichromate 

Technical* x 

ce 


Potassium Bichromate 
Technical 
Granular 
Powdered 


Potassium Chromate 
Technical 


Ammonium Bichromate 


<>< 


Technical 
cP 


x 
Chromic Acid xX 
Koreon “M” & 


* Also shipped as 69% solution in 8000-gallon tank cars. 


Solvay Process Division 
Dept. 11, Broadway, New York 


Please send: 

Bulletin 52—Chromium Chemicals 

(J Bulletin 55—Corrosion Inhibition with Chromates in the 
Oil and Gas Industries. 

(] Bulletin 53—Corrosion Inhibitors in Recirculating Water 
Systems. 

(0 Bulletin 35—Corrosion Control in Air Conditioning. 


COMPANY 


STREET: 


CITY. 
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For full send for TRANTEX, 
the illustrated 8-page that 
lines the many uses Trantex, shows 
how safeguards against corrosion 
and below ground. 


JOHNS MANVILLE 


PRODUCTS 


Trantex—the tape that combats cor- 
rosion from any source—assures extra 
long-life for highly vulnerable pipes, 
fittings and metal surfaces that run 
below ground. Perfect for residential 
service entry, commercial and indus- 
trial uses, Trantex easy handle, 
simple apply. effectively and 
economically resists water, air, micro- 
organisms, soil chemicals and the 
attacks wayward electrical cur- 


rents. Because patented Johns- 
Manville bonding process, Trantex al- 
ways sticks tight won’t budged 
abrasion and penetration, air leakage 
chemicals solution. Put Trantex 
the test. See for yourself how 
Trantex fights costly corrosion! 
Johns-Manville Dutch Brand Divi- 
sion, 7800 South Woodlawn Ave., 
Chicago 19, 
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four case histories 


Intergranular Corrosion 
Austenitic Stainless 


petroleum refineries 


LTHOUGH LATE developments 

the manufacture austenitic 
stainless steel have lessened this ma- 
terial’s susceptibility corrosion 
lowering the carbon content steel, 
special applications stainless steel 
have produced new corrosion problems. 
Four case histories intergranular cor- 
rosion encountered with stainless steel 
petroleum refinery illustrate the re- 
curring corrosion problems facing in- 
dustry. The cases considered are: 


Type 304 steel furnace tubes 
thermal cracking plant. 

Type 316 pipe lines fixed bed 
catalytic reforming unit. 

Type 316 linings pressure vessels 
handling phosphoric acid. 

Type 316 vessel containing organic 
acids. 


Type 304 Steel Furnace Tubes 


thermal cracking plants which 
high sulfur stocks are processed, Type 
304 steel has proved desirable for 
furnace tubes. Tubes this service 
showed intergranular corrosion after 
operating seven years. However, 
after this furnace had been shut down 
for six months and was being prepared 
for further operation, several tubes 
ruptured during hydrostatic tests. Ex- 
amination the failed tubes showed 
that intergranular corrosion had attacked 
both the inner and outer walls. 

Internal corrosion was confined the 
bottoms the tubes where water had 
collected while the furnace was not 
operation. This water had become acidi- 
fied either absorption sulfur di- 
oxide from the surrounding atmosphere 
oxidation from iron sulfide scale, 
thus producing weak sulfurous acid 
solution which caused the corrosion. 

Unlike the internal corrosion that af- 
fected only the bottom areas the 
tubes, the external corrosion 
form. This latter corrosion was caused 
moisture absorption the delique- 


% Adapted from a paper “Resume of Inter- 
granular Corrosion of Austenitic Stainless 
Steels’ by J. R. Cunningham, Standard Oil 
of California, Richmond, Cal., given at a 
meeting of Western Region, National Asso- 
ciation of Corrosion Engineers, San Diego, 
Cal., October 23-25, 1957. 


Abstract 


Four case histories intergranular cor- 
rosion of austenitic stainless steels in a 
petroleum refinery are given. Each con- 
siders special applications, analysis of 
causes and solutions of problems. Cases 
considered include Type 304 furnace tubes 
in a thermal cracking plant, Type 316 
pipe lines in a fixed bed catalytic reform- 
ing unit, Type 316 linings in pressure 
vessels handling phosphoric acid and 
Type 316 vessel containing organic —s 


scent salts the ash deposits the 
tubes. Deterioration workmen’s over- 
alls after furnace inspections proved that 
the moisture deposits the tubes were 
strongly acidic. 

Corrosion furnaces containing Type 
304 tubes which are out use 
longer that the usual shut-down period 
has been eliminated filling the tubes 
with oil and sandblasting and oiling 
their exterior surfaces. 


Type 316 Pipe Lines 

The Type 316 outlet line the hydro- 
carbon system fixed bed catalytic 
reforming unit developed crack along 
the bottom near motor-controlled gate 
valve. During operation, this line 
reached temperatures high 1000 
Periodic inspections the external sur- 
faces over period several years had 
shown signs cracking corrosion. 

When the cracked section 
moved and examined, minor pitting was 
found the internal bottom area ex- 
tending several feet from the valve. Sec- 
tional cuts adjacent the crack revealed 
general intergranular corrosion the 
interior the line and 
granular corrosion local areas. Se- 
verity the attack local areas pre- 
sumably was influenced stress. 

Further examination showed that seal- 
ing steam leaking through badly scored 
valve seats caused the corrosion after 
had combined with sulfur dioxide re- 
generation gases the line. 

This corrosion problem was solved 
using dry inert gas instead steam 
for the valve sealant. further corro- 


sion has been discovered after ten years’ 
operation using the inert gas. 


Type 316 Vessel Linings 

Intergranular failures have been en- 
countered Type 316 sheet lines pres- 
sure vessels handling hot concentrated 
phosphoric acid. The acid attacked the 
mildly sensitive areas where the steel 
linings had been welded. Welded joints 
for even sheets proved 
sensitized sufficiently for corrosion 
occur. The attack characterized 
granular sugary appearance the 
heat-affected zone adjacent welds, 

Although some improvement was at- 
tained careful regulation welding 
procedures, life the vessel linings has 
been substantially lengthened through 
use Type 316L stainless steel. Even 
with Type 316L, however, welding must 
done with care limit the amount 
heat applied the carbon content 
the steel not below 0.025 percent. 


Type 316 Vessel Containing 
Organic Acids 

Since aqueous solutions organic 
acids similar maleic had been handled 
regular Type 316 vessels for several 
Type 316 steel for the proc- 
essing maleic acid 160 Because 
the chloride content the water was 
considered high, the finished ves- 
sel was stress-relieved 1550 was 
air cooled because its size made rapid 
cooling impossible. 

After three months’ service, exarnina- 
tion the vessel showed large areas 
that were corroding intergranularly. 
After six months, several places near 
welded seams were penetrated. Speci- 
mens Type 316L steel, which had 
been welded the vessel after being 
stress-relieved and slowly cooled, showed 
sign corrosion attack after six 
months’ exposure the acid, 

The original vessel was replaced with 
Type 316L vessel which has shown 
intergranular corrosion after year. 
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HAT ARE engineering colleges 

toward training corrosion en- 
This question has several im- 
plications. Does mean turning out 
graduates with the label Corrosion En- 
gineer the end years? does 
mean basic engineering training upon 
which the young engineer may 
become specialist solving corrosion 
problems? 

contemplated, what would the major 
subjects, the complex chemistry for in- 
hibitors, the electrical engineering and 
physics necessary for cathodic protec- 
tion, the metallurgical specialist the 
specialist design? All these things 
have definite relation the problems 
corrosion mitigation. The preliminary 
preparation for any one these special- 
ities will crowd four-year curriculum, 
and the specific preparation for each 
speciality will quite different. 

The specialist inhibitors 
quire the basic training chemical 
engineer chemistry major with 
considerable amount study 
physical chemistry and biology. Usu- 
ally will not have the opportunity 
for more than very superficial intro- 
duction electric current phenomena, 
metallurgy design. 

The specialist cathodic protection 
would require the preliminary training 
the electrical engineer with additional 
work electro-chemistry and electrical 
measurements. undergraduate work 
chemistry, metallurgy and 
design would necessity superficial. 


Perhaps better method would 
train engineers who may choose 
into some phase corrosion control 
work. The most direct approach for pre- 
fields chemical, electrical, metallurgi- 
cal mechanical engineering. 


The thinking some engineering edu- 
cators expressed the following quota- 
tions may indicate the philosonhy and 
objectives undergraduate engineering 
training. 


not consider educationally wise 
offer course such detailed field 
the undergraduate level, Our objective 
engineering education this institu- 
tion attempt enhance the later 
abilitv learn rapidly the technologi- 
cal field and create zeal for con- 
tinuing education.” 


Four Year Five Year Course 


department head chemical engi- 
neering says “In general think corro- 
sion important subiect but the 
other hand are several others. 
question time. How much can you 
crowd into four years what should 
against required year course for 
degree. There continual demand 
for more mathematics and some cul- 
tural courses. There also the desire 
many groups have more time de- 
voted their specialty, for example, 
nuclear technology, instrumentation, 
paint technology vegetable oil tech- 
nology. feeling that four year 
course one the main branches 
engineering with emphasis the funda- 
mentals and not have frag- 
mentation into specialties. Specialization 
could handled graduate work 


% A paper presented hy R. V. James, Pro- 
fessor Mechanics, University of Oklahoma, 
at a meeting of thé South Central Region, 
National Association of Corrosion Engi- 
neers, Oklahoma City, October 1-4, 1957. 


Corrosion 
Contro 


ourses 


What Colleges 
Are Teaching* 


Abstract 


This paper discusses the time limitations 
four-year engineering curricula 
course content. It points out that in prac- 
tically all engineering curricula some ref- 
erence 1s made to the principles of cor- 
rosion basic science courses. many 
some emphasis given the 
subject of corrosion in courses that do 
not include the word in the title. Thus 
safe assume that practically all 
graduates of a four year curriculum have 
had some exposure to the subject. 

The 85 replies to a questionnaire sent 
to 103. engineering colleges indicate an 
increasing number of formal courses on 
corrosion offered at the graduate level 
aud also an increasing interest in re- 
search both faculty and graduate stu- 
dents. 1.1 


organization.” 

opposition 5-year program 
leading rather general. The 
engineering graduate already com- 
pleting 145 more semester hours 
work while the liberal arts graduate 
required only 124. Since many 
companies pay premium for advanced 
degrees, this puts the engineering grad- 
uate disadvantage. many cases 
doing almost much work for 
his bachelors the Arts and Sciences 
graduate does for his masters. 


Curricula 

The Engineering Council for Profes- 
sional Development the accrediting 
agency for engineering curriculums. Its 
criteria for accreditation states that 
approved engineering program must 
contain least the following equiva- 
lents: 

year basic sciences (mathematics, 
physics, chemistry). Note that one year 
engineering usually means semester 
hours. 

year engineering sciences present- 
ing applied mechanics, strength ma- 
terials, fluid mechanics, thermodynamics, 
transfer and rate mechanisms (heat 
mass momentum), electrical theory and 
nature and properties materials. 

year minimum year desired) 
for humanistic and social studies, ex- 
clusive English composition, speech, 
accounting, drawing, management, per- 
sonnel management and ROTC. (These 
excluded subjects are requirements 
most engineering curricula and amount 
hours.) 

vear devoted engineering anal- 
ysis. design and engineering systems. 

Thus years work are defi- 
allocated with practically op- 
portunity for The subject 
matter excluded under the item Human- 
istic and Social Studies amounts al- 


Vol. 


most the equivalent one school year. 
Consequently the undergraduate asked 
ments into 4-year program. Many 
readers will remember their own college 
experience being crowded and rather 

have active major curriculum, 
there must student demand. gen- 
eral the enrollments have been small 
the corrosion courses. 


Questionnaire Results 


This rather lengthy introduction 
not alibi for what the schools are 
not doing but rather explain why 
they are doing they are. question- 
naire was sent 103 colleges having 
four year programs engineering. Re- 
plies were received from 
Several replied writing letters ex- 
plaining their offerings more fully than 
could done filling the blanks 
the questionnaire. 

practically every engineering cur- 
riculum there some discussion cor- 
rosion one more courses required 
every engineering student. begin- 
ning chemistry, corrosion taught 
under oxidation; physics, galvanic 
currents are measured and the galvanic 
series metals usually introduced. 
basic electrical courses dealing with 
batteries, galvanic action also dis- 
cussed, engineering materials courses, 
several class periods are usually devoted 
general principles corrosion and 
corrosion resistance various metals 
and alloys. 

Seventy the schools listed one 
more courses which discussion 
corrosion important part. Most 
the courses mentioned were the fields 
chemical engineering, metallurgy and 
metallurgical engineering. Others listed 
mechanical engineering design, engineer- 
ing materials and electro-chemistry. 


Thirty-five schools 
courses corrosion. Most these 
courses are for senior graduate stu- 
dents. Where these are listed elective 
undergraduate courses, they are infre- 
quently taught because lack stu- 
dent demand. The first formal course 
corrosion listed the replies was offered 
MIT about 1930. There probably 
were some courses existence before 
that time. the schools listing these 
corrosion courses, them started 
the courses 1947 later. Most sig- 
nificant growth corrosion courses 
occurred during the 1947-50 and 1956-57 
periods. 


Short Courses 


Twelve schools sponsor co-sponsor 
short courses. Two others are planning 
sponsor such courses the near 
future. These short courses vary 
length from the 12-week night course 
started November, 1956, Rennselear 
Technical Institute the more usual 
3-day session participated both 
schools and industry. the latter type 
the papers are predominantly from men 
industry. The first short course jointly 
sponsored NACE was the Uni- 
versity Texas 1942. Most these 

50. 


The sentiments expressed those 
who have conducted short courses 
ranged from enthusiastic “never 
again.” general the feeling seems 
that the short course good 
method for arousing interest 
subject and the same time spreading 
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One two new axial flow pumps made for the International 
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This 24-inch, Type 316 stainless pump 


Salt Company Morris Machine Works Baldwinsville, gallons salt slurry per minute through evaporator. 


Type 316 stainless pum 


thrives salt diet 


—gulps abrasive for years, non-stop 


1940, International Salt Company 
installed two Type 316 stainless steel 
Morris flow pumps its Watkins 
Glen, refinery. Their job: recir- 
culate salt slurry through evaporat- 
ors. Except for 1952 overhaul one 
pump, they’ve been ’round-the- 
clock service ever since! And 1955, 
when facilities were expanded, two 
new 316 stainless steel pumps were 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


added. (See photo above) 

Salt slurry can hard pumps 
its corrosive action and sharp crys- 
tals eat away many common pump 
materials. 

But Nickel-containing Type 316 
stainless steel (17% Cr, 12% Ni, 
Mo) specially suited for such 
corrosive-erosive duty it’s tough, 
strong, resists wear and abrasion 


doesn’t corrode hamper mov- 
ing protects product purity. 

When your equipment must take 
abrasive-corrosive conditions, look 
Nickel-containing stainless 
often the most practical material you 
can specify. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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fandard pipeprotection inc. 


3000 SOUTH BRENTWOOD ST. LOUIS 17, MISSOURI 


ENGINEERS 


Corrosion Courses— 
(Continued From Page 122) 


vention corrosion. 


pointed out earlier, corrosion 
courses and the serious study corro- 
sion find their natural place the grad- 
uate curriculum. Twenty-seven schools 
have active research programs. Twenty- 
one research programs are for graduate 
students. The staff also active re- 
search institutions while schools 
have co-operative contract programs. 
Several these schools have all three 

schools the staff members have 
published articles and technical papers 
corrosion and have presented lectures 
the subject. 


From the results this survey con- 
siderable and growing interest the 
subject corrosion evident. Engi- 
neering colleges are keeping step with 
this growing interest providing op- 
portunities for study the appropriate 
levels. This increased interest closely 
parallels the realization industry 
the importance and tremendous cost 
corrosion and the increasing desire 
something about it. reasonable 
suppose that the study opportunities 
engineering colleges will continue 
grow with the increasing emphasis 
industry corrosion problems. 


Summary 


The answer the question “what are 
engineering colleges doing toward train- 
ing corrosion engineers?” may sum- 
marized follows: 

Practically all engineers are given 
brief introduction the principles 
corrosion the undergraduate level. 


Comprehensive study corrosion and 
corrosion problems can done the 
graduate level many engineering 
colleges. 


Few undergraduate colleges will offer 
degrees corrosion enginering the 
near future. 


Short courses are available all parts 
the United States for refresher 
courses and supplement the job 
training for those actively engaged 
corrosion mitigation. 


SINGLE COPY PRICES 
CORROSION INCREASED 


Effective the price 
single copies CORROSION 
members the National Associa- 
tion Engineers will 
each. The price single copies 
non-members NACE will 
each. 


For issues dated two more 
years past all issues dated 
earlier) the price per copy 
members and non-members 
alike. 


NACE regional and sectional secretaries 
who not have supply already may 
get copies the form 
for Corrosion” from Central Office 
request. The form helps providing 
complete news story concerning meetings. 
The news deadline for the 
tenth the month preceding month 
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Reg. U.S, Pat, OF, 


Use 


BRANO 


pipe protection roll form 


Brand Pipe Insulation tough Polyvinyl Chloride 
Plastic Tape roll form. Sticks touch and stays where it’s put. 
Because extremely rugged, highly conformable, and 
easy and convenient apply, recognized the leader ver- 
satile, high-quality pipe protection. And easy 
gives you complete corrosion protection immediately, with- 
out costly preparation, special tools, dangerous flames. For better 
jobs, less time, less cost, always specify Pipe 
Protection. Available seven standard widths from inch 
inches. Made the makers Brand No. Electrical Tape. 


SEND FOR FREE BOOKLETS describing protective qualities and easy application 
Write your letterhead to: Co., St. Paul Minn., Dept. BQ-128. 


REG. U.S. PAT. OFF. 


SCOTCHRAP BRAND Pipe Protection Products 


The terms “Scotcurap” and “‘Scotcu” are registered trademarks of Minnesota Mining and Manufacturing Co., 


St. Paul Minn. Export Sales Office: Park Ave., New York 16, N.Y. Canada: P.O. Box 757, London, Ontario. 


WHERE RESEARCH THE KEY TOMORROW 


LOOK what you can 


WELDED SEAMS large diameter pipes 
are given practical, permanent protection 
using wide widths 
Application easy, fast, clean. 


LONG LINES get tough, continuous pro- 
tective coating easily with 


ACTUAL field use shows why abrasion- 
backfill coarse, rough could easily 
puncture tear less tough coatings. 


STOP CORROSION completely! Photo 
shows far pipes covered with 
pipes covered with other 
coating...leading into compressor station 
cooling tower. Pipes were subjected acid 
and chlorine-bearing water for two years. 


n 


This Plastisol Coating 


LOWERS 
COST 


plastisol-coated steel drums can save you 
money replacing more expensive glass, 
ceramic, and plated steel containers for 


aggressive chemicals. BAKELITE Brand PLASTISOL 
Vinyl Dispersion Resins are used make COATING 


this tough lining which defies corrosive 
attack. 

Fabrication costs are low because vinyl 
plastisol. simple, spray-on coating. 
Baking converts thick, resilient hide 
that chemicals can’t eat through, scratch, 
abrade. Continued re-use over 


Dispersion Resins, provides 
silient, smooth-surfaced lining that 
protects against attack by: 


long periods makes the drums pay for acid cleaners 
themselves savings. All sizes drums, phosphoric 
from gallons, are also being coated metal cleaners 
with this material. 
All this economy based one factor— sulphonate detergents 
plastisols made from Vinyl Dis- 45% lactic acid 
persion Resins provide superior protection water 


against corrosion. sodium hypochlorite 
Bakelite Company will help you find the solution 


answer your corrosion problems. Learn 

about the ease application, low cost, (reagent quality) 
and long life plastisol coatings, and how 
they can save money for you. Write Dept. 

LW-24L, Bakelite Company, Division 


Union Carbide Corporation, East 42nd 
Street, New York 17, 


PLASTIC 


The terms BAKELITE and Union are registered trade-marks UCC. 


BAKELITE COMPANY, Division of Union Carbide Corporation, 30 East 42nd St., New York 17, N. Y. 
In Canada: BAKELITE Company, Division of Union Carbide Canada Limited, Toronto 7 
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“Caustic Cracking”, Steam Boilers. 
(In Spanish.) MANuAL 
AND JosE HAusMANN Moro. Acero 
Energia, 14, pp. (1957) July- 
August. 

Historical background caustic 
cracking. Description the cracks. Lo- 
Schroeder detector. Inhibition the 
phenomenon. Chemical inhibitors: Sod- 
sodium nitrate and tannins. Analytical 
methods.—BTR. 15328 


3.2.2, 8.9.5 

Investigation Cracked A-212 
Catapult Steam Receivers. Ba- 
Dept., NRL Report No. 5058, Dec. 10, 
1957, pp. 

Base metal cracking vicinity 
nozzle and manhole reinforcement pads 
was discovered recently several 65- 
inch diameter catapult steam receivers 
abroad naval aircraft carriers after 
years service. Cracking was 
evident only inside surface re- 
ceivers, generally following toe filler 
weld between shell and reinforcement 
pad. Fabrication defects form 
porosity, undercutting and poor fit-up 
were found receiver sections. 
Normal oxidation scale inside re- 
ceiver surfaces was similar that found 
crack surfaces; however, operating 


condition were such preclude re- 
quirement unusual corrosive condi- 
tions for cracking. Typical fatigue-type 
markings crack propagation were 
found crack surfaces emanating from 
weld-metal porosity. 
amination disclosed cracks wholly 
transgranular; slow propagation fis- 
sures was indicated heavily deformed 
metal contiguous line propagation. 
Brittle fracture was not involved. Fab- 
rication defects and stresses resulting 
from design particulars are believed 
principal causes for development 
these premature fatigue failures under 
normal accumulator service conditions. 
Compositions given shell, reinforcing 
pad and weld metal include nickel con- 
tent. Photomicrographs, tables, graphs, 
diagrams, 15243 


Microcracking Mild Steel Weld 
Metal. Winterton. Can. Metalwork- 
ing, 20, Nos. 10; 34, 36, 38-40, 42; 58- 
60, 62, (1957) Sept., Oct. 

Rapid cooling rates associated with 
welding low temperatures give micro- 
cracking special importance. Phenome- 
non microcracking metal-arc, mild- 
steel weld-metal concerned with for- 
mation large numbers small cracks 
the weld metal from most types 
electrodes under conditions rapid 
cooling. Considerably 
ing was found with low hydrogen basic- 
coated types. general theory put 
forward account for microcracking 
terms accumulation hydrogen 
under pressure flaws. 
Effect relatively small deviations 
plate temperatures low temperature 
cooling quite pronounced. Non-me- 
tallic inclusions found 
weld metal are classified into general 
types. Any these can associated 
with microcracks, but most important 
seem rhodonite inclusions con- 
taining free silica. Tables, photomicro- 
graphs, graphs, 


The Effect Localized Carburiza- 
tion the Corrosion Resistance 
Stainless Steel Pipe and Tubing. 
LIAM General Electric Co. 
Atomic Energy Commission 
Pubn., HW-51267, July 1957, pp. 
Available from Office Technical Serv- 
ices, Washington, 

Three small-diameter 304L stainless 
steel pipes which failed the Huey test 
were examined. was found that the 
greater weight loss occurred inside the 
tube and high corrosion rates were ob- 
served until the carburized layer was re- 
moved. This layer said have re- 
sulted from incomplete cleaning prior 
heat 15133 


3.2.2, 6.3.15 

The Influence Hydrogen De- 
layed Failure Titanium Alloys. 
Case Institute Technology. 
Wright Air Development Center, 
Tech. Rept. 57-30, Feb., 1957, pp. 

Notch geometry, strength level, hy- 
drogen concentration and hydrogen dis- 
tribution exerted appreciable influence 
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delayed failure characteristics 
aluminum-4 manganese, titanium alloy. 
Hydrogen-induced delayed failure 
sharply notched material occurred 
process crack initiation and slow 
crack propagation. Average rate crack 
growth was accelerated hydrogen 
content increased and appeared in- 
dependent applied stress. Crack ini- 
tiation and propagation process under 
certain conditions stress was compli- 
cated room temperature creep. 
high concentration hydrogen sur- 
face specimen was conducive 
early crack formation; and crack growth 
rates appeared dependent upon inward 
Graphs, photomicrographs, diagrams.— 
INCO. 13767 


3.8 Miscellaneous Principles 


3.8.2 

The Electrochemical Properties the 
Stressed Layer the Surface Pure 
20, No. 400-403 (1956) July. 

Assuming that the corrosion pure 
iron controlled equally anode and 
cathode reactions, the electrochemical 
properties the stressed layer the 
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surfaces specimens polished vari- 
ous methods, that is, the order the 
variation the thickness, the electrode 
potential the layer and the free en- 


ergy the activation hydrogen elec- 
trode reaction were studied.—JSPS. 


13309 
3.8.2 


Corrosion Electrochemical Proc- 
ess. (In English.) 
Electrochem. Soc., Bulletin India Sec- 
tion, No. 11-14 (1956) Jan. 

Theoretical considerations. Graphs, 
tables. 12630 


3.8.3, 6.3.3 


Anodic Passivation Chromium 
Acid Solutions. (In Russian.) 
Doklady Akademti Nauk SSSR, 114, No. 
1265-1268 (1957) June 21. 

The electrochemical behavior pure 
chromium was studied 
ometric method during its passivation 
0.01 and 0.10 and 1.0 solutions 
sulfuric 14972 


3.8.4 


Oxidation Alloys Containing Metal- 
lic Compound (In Russian.) 
Applied Chem. USSR 
(Z. Prikladnoi Khim.), 30, No. 11, 1593- 
1599 (1957) Nov. 

Heat-resisting qualities the single- 
phase alloys composed the NiAl only, 
and the two-phase alloy 
Oxidation NiAl depends 
composition; excess aluminum 
atoms produced denser oxide 


BTR. 15378 


3.8.4, 4.3.2, 6.3.21 


The Oxidation Mercury Nitric 
Phillips Petroleum Co. Atomic 
Energy Commission Pubn., 
Nov. 30, 1957, pp. Available from 
Office Technical Services Washing- 
ton, 

The oxidation mercury nitric 
acid was investigated. empirical rate 
law, oxidation rates and mercury species 
solution were determined. 
mechanism based the presence 
nitrous acid can interpreted terms 
the rate expression 


NSA. 15377 


3.8.4, 3.7.2, 6.4.3 


Iron Corrosion Inhibitor Beryl- 
lium with Notes Vectorial Corrosion 
Single Crystals. PEARSALL. Mas- 
sachusetts Institute Technology. 
Atomic Energy Comm. Pubn., MIT- 
1109, April, 1953 (Declassified Feb. 25, 
1957), pp. Available from Office 
Technical Services, Washington, 

The vectorial nature corrosion 
beryllium single crystals 
The effect aluminum, iron, and 
con impurities the corrosion behavior 


3.8.4, 3.4.9 


Metal-Water Reactions. Pt. IV. Ki- 
netics the Reaction Between Calcium 
and Water Vapor. Harry Svec AND 
Lowa State College. 
Electrochem. Soc., 104, 346-349 (1957) 
June. 

Calcium metal was reacted with water 
vapor the temperature range 
and water vapor pressures 
mm. Hg. The experiments in- 
dicated that the only products were cal- 
cium hydroxide and hydrogen and that 
the reaction proceeded according the 
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manometric study the reaction 
showed that followed the logarithmic 
rate law. The rate constant was ob- 
served linearly dependent water 
vapor pressure below and de- 
crease with increasing temperature 
constant was observed independ- 
ent water vapor pressure. The acti- 
vation energy was found —7.52 
the pressure dependent 


range. (auth)—NSA. 14751 


3.8.4, 6.4.4 

Phase Relationships Magnesium 
National Bureau Standards, 
Wright Air Development Center, 
Air Force, October, 1957, pp. Avail- 
able from Office Technical Services, 
Department Commerce, Wash- 
ington 25, (Order 131622.) 

This final report summarizes results 
and conclusions project with two 
objectives. The first was establishment 
the solubility lanthanide metals 
magnesium and the pertinent conditions 
equilibria. The second was estab- 
lish the solubility zinc magnesium 
and determine the phase phases 
with which the magnesium terminal 
solid-solution equilibrium. Phase 
relationships magnesium-base alloys 
were studied thermal, X-ray and 
metallographic methods. The magne- 
sium-rich portions the binary phase 
diagrams magnesium plus the rare 
earth metals lanthanum, cerium, praseo- 
dymium and neodymium were deter- 
mined. thorough investigation the 
magnesium-zinc system from zero 
more than 66.67 */o zinc was also con- 
ducted and the presence four inter- 
mediate phases with 
ranges was established. addition, the 
extent the solid solubility zinc 
magnesium was determined.—OTS. 

15389 


CORROSIVE ENVIRONMENTS 


4.3 Chemicals, Inorganic 


4.3.2, 6.3.6 


Rate Copper Oxidation Nitric 
Acid. (In Russian.) 
USSR (Zhur. Priklad. Khim.), 30, 58-62 
(1957) Jan. 

Oxidation rates nitric acid vari- 
ous concentrations expressed quanti- 
tatively the equation: 0.195 
0.056 Increase temperature ac- 
celerates the oxidation 


4.3.2, 6.3.21, 6.6.6 


Nitric Acid Dissolution Thorium. 
Kinetics Fluoride-Catalyzed Reaction. 
Atomic Products Operation. Ind. and Eng. 
Chem., 49, 885-887 (1957) May. 

The penetration rate thorium metal 
boiling nitric acid was measured 
function the concentrations acid, 
fluoride catalyst, and dissolved thorium. 
The fluoride concentration was the most 
important variable, the dissolving rate 
13M nitric acid increasing from 
per hour per the absence 
fluoride over 10,000 per hour per 
0.1M fluoride. The rate also 
increased with increasing nitric acid and 
reached maximum about 13M. Dis- 
solved thorium inhibited 
presumably complexing the free fluo- 
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Vol. 


ride, Aluminum had similar effect. The 
dissolution rate thoria was found 
much less than that thorium. “In- 
tegral” dissolvings were also made, and 
empirical mathematical equation was 
derived correlate these results and 
facilitate application. 


4.3.2 

The Behaviour Materials Anhy- 
drides and Aqueous Hydrofluoric Acid. 
216-233 (1957) April. 

Review literature behavior 
materials anhydrides and aqueous 
hydrofluoric acid and hydrofluoric acid 
gas. Data are given steel, high- and 
low-alloy nickel-chromium, chromium 
steels, 
cast steels, Carpenter 20, Cooper V2B, 
Durimet 20, Monel, nickel, Hastelloy 
Chlorimet Inconel, Hastelloy cop- 
per, silicon bronze, cupro-nickels, silver, 
welded joints the above 
materials, aluminum, magnesium, plati- 
num metals, titanium, 
lum, molybdenum and non-metallic ma- 
terials. Recommendations suitable 
applications the various materials are 


14312 


4.3.2, 5.9.2, 5.8.2 


Zastita Materijala, No. 
201-203 (1957). 

The article describes the classification 
inhibitors for acids, their importance 
and the mechanism their activity. The 
efficiency various inhibitors for the 
pickling steel sulfuric acid and the 
effect their concentration have been 
The speed corrosion 
sulfuric acid has been measured with 
and without inhibitors, and the basis 
the data obtained the inhibiting 
capacity has been calculated. Various 
organic compounds which contain nitro- 
gen and sulfur have proved the 
most efficient, e.g., o-cresylthiourea and 
14791 


4.3.2, 5.8.2 


Inhibiting Effect Hydrofluoric Acid 
Fuming Nitric Acid Liquid and 
Gas Phase Corrosion Several Metals. 
Joun Corrosion, 13, No. 
12, 821t-827t (1957) Dec. 

Measurements were made 130 
the extent corrosion several metals 
exposed the liquid and the gas phase 
thermally stable nitric acid contain- 
ing weight percent nitrogen 
dioxide and weight percent water 
with and without hydrofluoric acid 
added corrosion inhibitor. Liquid- 
phase corrosion the following metals 
was readily inhibited hydrofluoric 
acid fuming nitric acid this com- 
position: aluminum alloys 2S-O (1100), 
14S-T6 (2014-T6), 17S-T4 (2017-T4), 
61S-T6 (6061-T6), 
and 75S-T6 (7075-T6); aluminum 2S-O 
welded 356; and chromium-nickel 
steels 302, 303, 304, 321, 347, Armco 
17-7PH, and Uniloy 19-9DL and 19- 
9DX. Carbon steel C1020 and chromium 
alloy steels 4130, 410, 430 and 446 hav- 
ing intact natural metal oxide films, 
which were formed moist air, were 
inhibited hydrofluoric acid. Corrosive 
attack these steels without the oxide 
film, however, was aggravated the 
presence hydrofluoric acid fuming 
nitric acid, the corrosion becoming more 
extensive the lower the chromium con- 
tent the steel. Commercially pure 
lead was inhibited hydrofluoric acid, 
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whereas pure chromium, Nickel-A, tan- 
talum, and titanium alloys 75A and 
130A were either only slightly inhibited 
showed corrosion rates which actu- 
ally were increased presence 
hydrofluoric acid fuming nitric acid. 
Inhibition gas-phase corrosion was 
found occur readily the case 
the following metals tested: steels 303, 
410, 430, and 446 and aluminum 61S-T6. 
Gas-phase corrosion steels 4130 and 
1020 was usually aggravated hydro- 
fluoric acid. Exposure aluminum 
61S-T6 and stainless steel 347 fum- 
ing nitric acid with repeated cycling 
temperature between and 160 
was found not impair the inhibiting 
effect hydrofluoric acid gas and 
liquid-phase corrosion these metals. 

few tests the liquid and gas- 
phase corrosion aluminum 61S-T6 
and steels C1020 and 347 nitrogen 
dioxide 130 were also made, and 
this medium was found general 
much less corrosive than fuming nitric 
acid. 14446 


PREVENTIVE MEASURES 


5.1 General 


5.10, 3.2.2, 6.2.3 


The Arrest Brittle Cracks Ship 
Plate. Hunter. Paper before Austra- 
lian Welding Inst., 4th Ann. Conv., 
Brisbane, October 11, 1956. Australasian 
Engr., 1957, 52-58, Feb. 

Series tests, using method devel- 
oped Admiralty United Kingdom 
and described Robertson, in- 
dicates possibility arresting low tem- 
perature brittle cracks ship plates 
introducing narrow strip austenitic 
stainless steel some applications 
transverse butt weld austenitic 
stainless steel. All plates tested were 
lb. ship plates; insert plates were 
commercial quality 18-8; 
steel electrodes were commercial quality 
fully extruded chromium-20 nickel 
with lime type covering. Appendix covers 
single tests mild steel ship plate 
showing that composite ferritic-austen- 
itic transverse butt weld arrested brittle 
crack, while transverse surface beads 
austenitic weld metal did not arrest 
13815 


5.11 


Factors the Selection Corrosion 
Monsanto Chem. Co. Metal Progress, 71, 
No. 90-96 (1957) June. 

Three major factors which should 
considered selection metal for 
corrosive service are material, environ- 
ment and economics. Importance se- 
lection suitable material shown 
description behavior stainless steels, 
lead, chromium molybdenum tung 
sten alloy and Hastelloy different ap- 
plications. Table gives corrosion rates for 
reaction vessels Everdur, Type 304, 
Monel and steel. Ease fabrication, cor- 
rosion rate and cost are most important 
items, but operating factors—such tem- 
perature, concentration, purity 
ity corrosive fluid, erosion sludge, 
concentration cells under adhering soids— 
are equal influence the over-all eco- 
nomics. Photomicrographs, graphs, photos. 
—INCO. 14383 


5.11 


Corrosion Prevention Starts with De- 
sign. Ind. and Eng. Chem., 
49, No. 11, 79A-81A (1957) Nov. 


206a 


Dr. Godard states that “the majority 
corrosion complaints encountered 
equipment service are due improper 
choice alloy, poor design and faulty 
construction.” illustrates this dictum 
citing several examples. One 
these electrical 
transformers aluminum reduction 
plant where, 1952, two transformers 
group 21, failed quick suc- 
cession due corrosion perforation 
their copper cooling coils after only 
moderate period service. This failure 
led series failures other parts 
the plant direct consequence. 
The remedy, treatment the coolant 
water, was simple, but attention 
corrosion during design would have 
provided for water treatment and the 
failure would not have occurred. Knowl- 
predicting equipment life. However, 
these can misleading unless the con- 
ditions under which they were deter- 
mined are fully described and are simi- 
lar the case question. Corrosion 
rates are influenced physical factors 
the environment temperature, 
velocity, turbulence agitation and the 
presence entrained solids. Traces 
impurities also have 
14885 


and Eng. Chem., 49, No. 12, 
1969-1978 (1957) Dec. 

creased importance correct design for 
pressure containers. Combined effects 
such factors high tem- 
peatures and fluctuating loads have 
raised demands beyond those which can 
met straightforward interpreta- 
tion ordinary theoretical methods. 
Description given new design 
methods for problems fa- 
tigue and creep imposed 
temperatures and fluctuating loads 
nickel-chromium-molybdenum steel cyl- 
inders. Graphs, tables, references.— 


INCO. 15363 


5.3 Metallic Coatings 


53.1 

Aluminizing Iron and Ferrous 
Metals. (In French.) Granp. Rev. 
Aluminium, 34, No. 239, 63-73 (1957) 
Jan. 


The production and properties 
dipped aluminum coatings are discussed. 
ensure complete elimination the 
oxide films between the two metals 
bonded, stringent rules are given for 
the mechanical and chemical pretreat- 
ment the ferrous metal surface and 
recommendations are presented concern- 
ing ordinary and continuous dipping 
procedures carried out under neutral 
liquid the presence flux. Sur- 
face properties, plasticity and adherence 
the aluminum coatings thus obtained 
are also reported. The advantages ob- 
tained the use beryllium and 
additions, agents increase wetta- 
bility, are said questionable. The 
presence 2.5 percent percent sili- 
con the melt was found have 
beneficial effect reducing brittleness 
and exfoliation. Results corrosion 
tests carried out with aluminized mild 
steel humid atmospheres and ele- 
vated temperatures, are presented.— 
ALL. 13789 
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5.3.1 


Sprayed Metal Coatings. Corrosion 
Technology, No. 10, 311-324, 326-327 
(1956) October. 

collection articles follows: 
The Trend Protective Metal Spray- 
ing Practice, Stanton; Sprayed 
Aluminum and Zinc Corrosive Environ- 
ments. Metal Spraying 
Clifton Suspension Bridge, 
Metal Spraying the Radio 
Sprayed Metal Coatings; Metal Spraying 
Messrs. Tate and Lyle Ltd., Thames 
Refinery; Metallised Coatings for Heat 
BNF. 13560 


5.3.2, 6.3.17 


Iodide Decomposition Process for 
Coating Uranium with Zirconium. 
Power Lab. Atomic Energy Com- 
mission Pubn., KAPL-876 (Del.) Feb. 
24, 1953 (Declassified with Deletions 
(1957), pp. Available from 
Office Technical Services, Washing- 
ton, 

Corrosion- resistant zirconium coatings 
have been consistently deposited ura- 
nium disks the Boer iodide 
decomposition process. Four-mil coat- 
ings can deposited three hours 
uranium temperatures 1090 and 
pressures below one micron. Corrosion 
tests boiling water five disks 
coated this way yielded average 
time 263 hours until coating failure. 
flow system which used hydrogen 
carrier and reductant for the zirco- 
nium iodide, only very thin coatings 
were obtained. Poor coatings also re- 
sulted from attempts plate with lower 
uranium temperatures using other metal 
halides both vacuum and flow 
system. 15035 


5.3.4 


Aluminum Chromizing: Strength Plus 
Corrosion-Resistance. FULTON AND 
Age, 179, No. 23, 102- 
104 (1957) June 

Aluminum chromizing differs from 
conventional chromizing steel that 
does not decarburize steel 
affords reliable oxidation and corro- 
sion resistant coating. Welding tests 
were made determine weldability 
aluminum chromized steel; weld 
cracks were produced. Properties 
plain carbon steels after aluminum chro- 
mizing and unannealed and annealed 
aluminum chromized weld specimens 
are given.—BL, 14964 


5.3.4 


Aluminum Coatings. 
BERT Product Engineering, 28, No. 
17, 57-59 (1957) Oct. 

Hot-dipping (in molten aluminum) 
steel parts couples the strength steel 
the corrosion resistance properties 
aluminum. However, salt-water atmos- 
pheres will cause the aluminum cor- 
rode because the coating anodic 
the base metal. The corrosion rate 
about four times less than that zinc. 
atmospheres and_ dilute 
oxidizing acids, its corrosion resistance 
much Aluminum dipping 
causes less distortion than other coating 
processes because: dipping temperatures 
are between 1300 and 1400 compared 
with 1800 and 1900 the hot-dip 
bath, the weight parts when sus- 
pended the bath decreased one- 
third the buoyancy molten alumi- 
num; the molten metal heats the part 
more rapidly and uniformly. The sus- 
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pension parts, post-forming, welding 
methods for joining treated parts, and 
brazing methods pre- 
vent the formation fillets the roots 
threads, they should 
after dipping, rather than masked. Cen- 
trifuging can. used clear male 
threads. For outdoor applications 
heavy aluminum overlay (0.005-inch) 
Diffused coatings require 
thin overlay max.) pre- 
vent spalling during diffusion treatment. 
For optimum ductility, both the alloys 
and the overlay should kept 
minimum. Thickness the intermetal- 
lic layer function time, tempera- 
ture, composition base metal and 
bath composition. Overlay thickness, 
the other hand, dependent drainage 
aluminum parts leave the bath and 
more difficult control than the in- 
termetallic layer. For uniform coating, 
uniform part-thickness must main- 
tained.—ALL. 14973 


5.3.4 

The Electroplating Screws and 
Other Small Articles. II. The Plating 
Process. (In German.) WERNER PETERS. 
Draht, No. 40-48 (1957). 

Open and immersed barrels are de- 
scribed, methods charging and empty- 
ing are discussed and the relation 
between current densities mesh-size 
immersed barrel, size screws, rate 
revolution and surface finish are consid- 
ered. Solutions and plating conditions 
are discussed for bright and dull nickel 
plating, “electroless” (Kanigen) nickel 
plating, brass, zinc, cadmium and chro- 
mium plating. Finishing treatments such 
swilling and drying are considered 
and the chromate treatment and bright 
passivating zinc-plated screws are 
mentioned.—MA. 15004 


5.4 Non-metallic Coatings 
and Paint 


5.4.10, 7.2 

Polyvinyl Chloride Tape Corrosion 
Corrossion Technology, No. 10-12 
(1958) January. 

Discusses properties which make 
polyvinylchloride tape excellent for elec- 
trical application and pipe protec- 
tion tape. Pipe condition for taping, 
priming properties and machine wrap- 
ping methods are described. Photos.— 
INCO. 15244 


5.4.5, 7.5.5 

Ballast Tank Protection. 
son. Corrosion Prevention and Control, 
No. 12, 45-46 (1957) Dec. 

Discussion problem ballast tank 
protection. Description given de- 
velopment Marax, coal tar pitch 
filming material which 
nomenal water resistance and good elec- 
trical insulation. Its adhesion steel 
good and therefore film produced 
which excellent rust preventive. 
Marax very difficult ignite and 
does not give off toxic fumes. Full scale 
trials tanks vessel showed them 
perfect condition after one year. 
Marax coating gives promise serv- 
icable life several years. Diagram. 
—INCO. 15313 


5.4.5 

Painting Steel Drums. 
Industrial Finishing, 33, No. 64-66, 68, 
70, (1957). 

The hot-rolled steel shells and heads 
after descaling and alkali, zinc phos- 
phate and chromic acid rinses are as- 
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sembled and automatically sprayed with 
alkyd base enamel which 
stoved for minutes 300 F., fol- 
lowed the printing and marking op- 
15298 


5.8 Inhibitors and Passivators 


5.8.2 

Sodium Benzoate Corrosion In- 
hibitor Aqueous Dispersions. (In Ger- 
KIRCHEN. Werkstoffe Korrosion, 
673-677 (1957) November. 

Sheet metals intended for containers 
for aqueous varnish dispersions are pro- 
tected from corrosion additives 
sodium nitrite. Protection depends 
less are effective. 


15256 


5.8.2, 6.4.2 

The Use Minute Amounts So- 
dium Dichromate Corrosion In- 
hibitor Single Pass Aluminum Sys- 
tems. General Electric 
Co. Atomic Energy Commission 
Pubn., HW-33736, Nov. 11, 1954 (De- 
classified Jan. 1958), pp. Available 
from Office Technical Services, Wash- 
ington, D.C. 

Sodium chromate can used effec- 
tively corrosion inhibitor for alum- 
inum systems concentrations low 
0.1 ppm. The mechanism which 
the chromate protects aluminum was 
also 15174 


5.8.3, 6.2.2 

Electrochemical Mechanism the In- 
hibiting Action Lead Oxides Iron. 
(In German.) D’ANs, BRECKHEIMER 
rosion, 677-688 (1957) November. 

Lead dioxide ineffective because its 
high electric conductivity causes local 
cells. Reaction compounds divalent 
lead generate protective coating the 
basis metal which protects against cor- 
rosion. 15236 


5.8.3, 5.9.2 

Mechanism the Inhibitor Action 
Heterocyclic Nitrogen Bases the 
Pickling Steel Sulfuric Acid the 
Presence Some Anions. Rus’- 
Chem., USSR. (Zhurnal Prikladnoi 
Khimii), 30, No. 10, 1564-1569 (1957). 
Available from Associated Technical 
Services, Inc., Box 271, East 
Orange, New Jersey. 

Inhibitor action was shown markedly 
ions. tables, figure, references. 
—ATS. 15422 


5.8.3 

Studies Amine-Type Corrosion In- 
hibitors (10th Report). Behaviors 
Inhibitors Aqueous Solution. (In 
Japanese.) AND ARAMAKI. 
Corrosion Engineering, No. 205-209 
(1957) July. 

have studied how alkyl and acyl 
groups the inhibitor-molecules func- 
tion hydrophobic ones. primary- 
amine type secondary-amine type 
inhibitors, the best inhibition aqueous 
media are gained when they have four 
organic groups total, attached 
amines acids either 


5.8.3 

Studies Amine-Type Corrosion In- 
hibitors (11th Report). Filming Effects 
Hydrocarbon Radicals: (In Jap- 
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rosion Engineering, No. 336-340 
(1957) November. 

Corrosion inhibitors consist two 
functional groups. The one atomic 
group functioning adsorbent, another 
organic radicals extending metal 
surface which resist corrosives. Metals 
are protected from the penetration 
which are built the organic radicals. 
So, the longer the organic radicals, the 
better inhibition can obtained. When 
Oleoyl radicals are contained the in- 
hibitor molecule, some corrosive mate- 
rials are included the closed spaces 
which are formed the oleoyl radical 
and the metal surface. Although cor- 
rosion proceeds rapidly closed spaces, 
when the corrosives enclosed are ex- 
hausted, the reaction ceases. This means 
that. corrosive materials from exterior 
spaces can shut out. The same phe- 
nomena can expected when the two 
organic radicals inhibitor mole- 
cules are not connected each other. 
However, inhibitor molecules did not 
give the same results. So, concluded 
that there are spaces through which 
oxygen, chief corrosive saline 
water, can Diamine-type in- 
hibitors cannot adsorbed metal 
surfaces spite two adsorbent 
radicals—JSPS. 15258 


MATERIALS 
CONSTRUCTION 


6.3 Non-ferrous Metals 
and 


6.3.20, 3.7.2, 3.7.3 

Preliminary Report Corrosion 
Low-Uranium, Zirconium-Base Alloys. 
gonne National Lab. Atomic 
Energy Commission Pubn., ANL-5196, 
Oct., 1953 (Declassified Feb. 12, 1957), 
pp. Available from Office Techni- 
cal Services, Washington, 

Tests were made determine the 
effects heat treatment and composi- 
tion the corrosion resistance low- 
uranium, zirconium-base alloys water 
were tested. The zirconium alloys con- 
tained natural uranium plus 
small amounts antimony, lead, 
bismuth, yttrium, beryllium, germanium, 
niobium, nickel and aluminum vari- 
ous combinations. Data are presented 
both tabular and graphical form. The 
effect heat treatment corrosion re- 
sistance zirconium-uranium-tin alloys 
partially masked impurities 
alloys made from sponge bomb- 
reduced zirconium. ternary alloys 
made from crystal bar zirconium, the 
effect heat treatment corrosion re- 
sistance definite, and varies with the 
composition the alloy. The range 
ternary compositions from approximately 
tin, are the most attractive fuel element 
core alloys. (auth.)—NSA. 14943 


6.3.20, 6.2.5, 4.3.3 

Corrosion Resistance Zirconium 
Metal and Stainless Steels Exposure 
Concentrated Solutions Uranyl 
Fluoride. Susano. Oak Ridge Na- 
tional Lab. Atomic Energy Com- 
mission Pubn., Y-714, January 22, 1951 
(Declassified March 1957), pp. 
Available from Office Technical 
Services, Washington, 

The results exploratory tests de- 
degree corrosion resist- 
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ance zirconium metal and various 
grades stainless steels when exposed 
highly concentrated solution uranyl 
concluded that zirconium metal not 
sufficiently resistant merit considera- 
tion for application homogeneous re- 
actors. Some tests were made deter- 
mine the suitability chromates, hy- 
drogen peroxide and triethanolamine for 
use corrosion inhibitors but with 
apparent success. shown that under 
the particular conditions used all the 
various grades stainless steels are 
equally and satisfactorily resistant the 
corrosive attack uranyl fluoride solu- 


tions 100 C.—NSA. 15072 


6.3.20, 6.3.13 

Zirconium and Tantalum. 
LER. Chem. Process Eng., 38, No. 10, 
389-390 (1957) October. 

Tantalum was employed for special 
applications chemical industry for 
many years and despite its cost and 
development competitive materials, 
its use has expanded. Zirconium has 
made its name nuclear industry, where 
combination low thermal neutron 
capture cross-section and excellent cor- 
rosion resistance resulted its employ- 
ment canning material packaged 
power type reactor. Both metals have 
excellent corrosion resistance most 
acids, but tantalum attacked al- 
kalis while zirconium not. Corrosion 
data for zirconium hydrochloric acid 
show penetration figures less than 
0.0002-in. per year for all concentrations 
boiling point with 20% acid. 
25% acid 325 resistance ex- 
cellent. 400 15% concentration 
results corrosion rate less than 
0.005-in. per year. Tantalum will not 
easily and quickly supplanted mate- 
rial for specially severe corrosive con- 
ditions, nor stainless steel relatively 
cheap material usable for less severe 
conditions. Tables.—INCO. 15013 


6.3.20 

Some Properties Zirconium-Nio- 
Rozanov AND Sxorov. Nuclear 
Energy, 402-407 (1957). 

The constitution zirconium-niobium 
alloys has been investigated and modi- 
fications the existing equilibrim dia- 
gram are suggested. The mechanical 
properties the alloys room tem- 
perature have been determined and the 
750 has been deduced from hardness 
measurements, Also, hardness has been 
measured after low-temperature ageing 
treatments. Measured results are corre- 
lated with the equilibrium diagram. The 
resistance the alloys oxidation 
air has been determined the tempera- 
ture range 570 650 

15204 


6.4 Non-ferrous Metals 
and 


6.4.2 

Study Aluminum Alloys Contain- 
ing w/o Uranium. NorMan 
BAUER AND RONALD 
Dickerson. Battelle Memorial Inst. 
Atomic Energy Commission 
Pubn., BMI-1183, April 30, 1957 (De- 
classified June 1957), pp. Avail- 
able from Office Technical Services, 
Washington, 

Casting techniques for the production 
sound homogeneous extrusion blanks 
composed aluminum-uranium alloys 


208a 
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with wt% uranium were in- 
vestigated. Satisfactory extrusion blanks 
the form sleeve castings contain- 
ing wt% uranium were produced 
utilizing air-melting techniques. Sound 
casting in. diameter containing 
wt% uranium were produced con- 
ventional vacuum-melting techniques 
utilizing zirconia crucibles. extrusion 
blank containing wt% uranium with 
side walls 0.55-in. thick was vacuum 
melted and cast. This casting was essen- 
tially sound, porosity being found only 
the area the pour and was attrib- 
uted problems mold design. 
supplement the casting program, ex- 
ploratory investigations were made 
the fabricability and the corrosion re- 
sistance the alloys. The diffusion rate 
the uranium from the alloys into 
aluminum cladding was studied. 
All the alloys, enclosed heavy- 
walled-aluminum tubes, were pressed 
forged 800 and 1000 The corrosion 
resistance the high-uranium alloys 
comparable that exhibited the 
aluminum-16 wt% uranium alloy and 
diffusion the uranium from the alloys 
could not detected metallographic 
techniques. The effects 0.5 wt% 
silicon addition the melting charac- 
teristics the aluminum-16 wt% ura- 
nium alloy were negligiblé when com- 
pared with the effects small variations 
the uranium content. 

14922 


6.4.2 

_Corrosion-Resistivity Anti-Corro- 
sive Aluminium and Its Alloys. (In 
Japanese.) NAKATSUGAWA. Furu- 
kawa Electric Review, No. 16, 33-48 
(1957) Nov. 

view the fact that aluminum and 
its alloys are increasingly extensive 
use for architectural and other purposes, 
their corrosion resistance poses most 
important item for research, This report 
covers comparative study the anti- 
corrosiveness eight kinds metals, 
such high-purity Al, 1S, 2S, 3S, 61S, 
52S, 56S and 5/6 and the relation- 
ship between their fabricating process 
and corrosion resistance and 
tween the period their corrosion and 
the rate which progresses. The re- 
port clarifies the following matters. (1) 
cannot positively conclude that the 
corrosion-resistance decreases propor- 
tion the decrease the degree 
workability. fact, H18 and (soft 
annealed) have the same degree 
corrosion resistance, while H12, H14, 
and H16 tend inferior this re- 
spect. (2) During the 24-week period 
corrosion, the metals developed note- 
worthy corrosion the first weeks, 
but, thereafter, their corrosion did not 
progress any noticeable rate. (3) For 
all the aluminum alloys referred to, 
considerable difference recognizable 
corrosion resistance viewed from the 
angle surface contamination, de- 
crease tensile strength and elonga- 
tion. (auth.)—ALL. 15395 


6.4.2 

New High-Strength Aluminium 
Metal Age, 15, No. 23, 

Physical and mechanical properties 
42B, high-strength aluminum casting 
alloy developed Zuech and Cron for 
North American Aviation Inc. are tabu- 
lated and discussed, Composition not 
given, but the chief alloying elements 
are stated silicon and magnesium, 
with small additions beryllium and 
sodium. Min. UTS 42,000 and 45,000 


Vol. 


respectively are claimed for 
sand-cast and permanent-mould-cast 
specimens and ductility, corrosion- 
resistance and dimensional stability are 
good. Owing the beryllium addition, 
the cost 42B moderately high com- 
pared with other aluminum alloys but 
the material economical practice, 
can replace relatively expensive 
forgings. guide casting the alloy 
15219 


6.6 Non-metallic Materials 


6.6.8, 7.4.1 

Plastic Heat Exchangers Gain Se- 
vere Service. Haveg 
Industries. Chem. Eng., 64, No. 308, 
310, 312, 314, 316 (1957) Sept. 

Corrosion resistance, flexibility de- 
sign and low cost are advantages 
claimed for plastic heat exchangers. 
Plastic units compete successfully with 
least expensive stainless steel heat ex- 
changers and for some time have even 
been less costly than copper, Monel 
nickel. Workhorse plastics—phenolics 
and furans, carbon asbestos 
cover majority applications, particu- 
larly for tube sheets and shells. Phe- 
nolics have safe range use 300 
Glass reinforced polyester used where 
higher pressures are encountered. PVC 
lined steel has strength but the PVC 
limits continuous service 212 
and intermittent service 265 For 
tubes, impervious graphite recom- 
mended 338 Heat transfer charac- 
teristics are discussed and typical design 
condition followed through, showing 
effects film resistance and thermal 
conductivity liquid-liquid, gas-liquid 
exchange situations for steel, stainless, 
brass, impervious graphite and glass 
materials. Cost curves for simple stand- 
ard units are shown.—INCO. 15149 


6.6.8 

Build Repair with Epoxy-Glass 
DERRE. Shell Chemical Corp. Chem. 
65, No. 148, 150, 152 (1958) Jan. 27. 

Epoxy laminates are now used 
fabrication equipment for chemical 
service such tanks, pipe, fume hoods, 
ducts and exhaust stacks. unusual 
new technique, basic materials—epoxy 
resins and glass cloth—can used for 
preparing durable patches for process 
metal pipe, tanks and pressure vessels. 
Important properties and applications 
are 


6.7 Duplex Materials 


6.7.2 

Alumina-Base Cermets, Part 
SHEVLIN. The Ohio State University 
Research Foundation. Wright Air 
Development Center, May, 1957, pp. 
Available from Office Technical Serv- 
ices, Dept. Commerce, Wash- 
ington 25, 

Strong, nonporous, well-bonded alu- 
mina-base cermets containing volume 
percent oxide have been developed 
during Air Force-sponsored studies 
the wettability aluminum oxide 
various metals. report the develop- 
ment has just been released industry 
through the Office Technical Serv- 
ices, Department Commerce. 

The studies were made pre-react- 
ing alumina with easily reducible oxides 
such those chromium, nickel and 
cobalt. Compounded into cermet com- 
positions, these mixed oxides promoted 
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ALKYD 


Synthetic Red Lead Primer 
Metal Primer Brown 
Shop Coat Primer 

Metal Primer Red 
Durachlor Red Lead Primer 
Durachlor Chromate Primer 
Armorex Tank Structural 


Duraflex Machinery Safety 
Marking Enamels 

Marinex Hull and Superstructure 
Finishes 

Duradex Deck Finishes 


CHLORINATED RUBBER 


Durachlor Intermediate Primer 

Durachlor Chemical Resistant 
Coatings 

Abradecote 

Durachlor Red Lead Primer 

Durachlor Chromate Primer 


EPOXY—ESTER TYPE 


Epoxycote Red Primer 
Epoxycote Red Lead Primer 
Epoxycote Finishes 
Aluminum 
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Epoxicote Finishes 
Epoxycote Red Primer 
Epoxycote Red Lead Primer 
Epoxycote Abradecote 


OLEORESINOUS 


Galviron Primer 

Galvanex 

Red Lead Primer 

Aluminum 

Armorex Tank Structural 
Aluminum 

Armorex Heat Resistant Gray 

Fresh Water Tank Enamel Brown 

Cu-Mer Anti-Fouling Compound 
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Duradex Deck Finishes 
Primer Green 
ZCB Metal Primer Brown 
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Thermoflex Aluminum 
Zinc Gray 
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Armorex Heat Resistant Aluminum 


VINYL 
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Because few coating jobs are alike surface and ex- 
posure requirements, budgetary limitations, Napke 
offers you project system combining the proper 
coatings for each type-class maintenance opera- 
tions, Systems for the widest and most flexible uses are 
the catalog; systems for untried installations 
and out-of-the-ordinary conditions are worked 
your request Technical Representatives. 
Since the outlay paint but small fraction 
the total cost most projects, Napko’s recommended 
systems can often you more overall expense 
than the cost the coatings alone. Remember, it’s 
not the cost per gallon, but the cost per square foot 
per year protection that 
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STEEL TANK LINING 

CONCRETE TANK LINING 
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TANK CARS 


PLASITE Protective Coatings are 
formulated with combination 
high resistant resins achieve 
highest possible 
tance. 


Epoxy Polyurethane 
Phenolic Polyamid 

Furane Chemical Rubbers 
Hypalon Vinyl 


COLD SET COATINGS 

HEAVY BUILD using standard spray 
brush methods. 

WIDE CHEMICAL RESISTANCE acids, 
caustic solvents, salts, de-ionized 
aqueous solutions. 

HIGH TEMPERATURE RESISTANCE not 
affected thermal shock. 

AIR DRY field applications. 

EXCELLENT BOND Primers 

white metal blasted surface. 
HIGH BAKE COATINGS 
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out obligation. 
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NATIONAL ASSOCIATION 


wetting reaction with the metallic 
constituents. 

Specimens containing volume 
iron and volume oxide were 
developed. They were nearly nonporous, 
strong the metal alone, and their 
high elastic moduli indicated good bond- 
ing. was suggested that compositions 
containing more than 50% volume 
metal could produced. 

Cermets composed metals alu- 
with chromic oxide were fired suc- 
the case alumina oxide, 
appeared that nonporous specimens 
might prepared atmosphere 
other than hydrogen vacuum, pos- 
sibly helium.—OTS. 15273 
6.7.2, 3.2.2 

Observations the Brittle Fracture 
Cemented Titanium Carbide. 
Low, Jr. Metals (Trans. AIME), 
No. Sec. 982-984 (1956) August.— 
BNF. 13266 


EQUIPMENT 
7.4 Heat Exchangers 


7.4.1, 6.4.2 

Aluminium Alloy Variety Spurs Use 
cal Engineering, 64, No. 10, 318-320, 322, 
324 (1957) October. 

Those mechanical and chemical prop- 
erties variety aluminum alloys 
which justify their growing acceptance 
construction material for heat ex- 
changers are reviewed. The cost compari- 
son such aluminum heat exchangers 
with those made other metals tabu- 
lated. Fabrication and design techniques, 
with special emphasis the necessity 
avoiding bimetallic couples are discussed. 
Aluminum heat exchangers and condensers 
are recommended for use the following 
types corrosion environments: Sea 
water, fresh water, distilled and demin- 
eralized water; petroleum products; liquid 
oxygen, peroxide solutions, nitric acid; 
organic solvents such benzene, toluene, 
alcohol, ether and acetone; fatty acids and 
oils; food products and pharmaceuticals; 
ammonia, ammonium nitrate and ammon- 
iated ammonium nitrate; carbon dioxide 
and carbonic acid solutions; sulfur, mer- 
captans, hydrogen sulfide and hydrogen 
14900 


Cooling-Tower Water Treatment. 
Sunray Oil Co. Oil Gas J., 55, 49, 
91-95 (1957) Dec. 

Almost exclusive use shell and tube 
equipment modern cooling 
tems emphasizes need for 
transfer surfaces. Modern chemical treat- 
ing procedures for prevention scale, 
corrosion, slime and algae and other as- 
sociated waterside problems 
telligent supervision for good results. 
Several treatments provide excellent cor- 
rosion and scale prevention opportunities 
reasonable cost provided certain con- 
ditions can met. Maintenance cir- 
culating water and acid feeder D-X 
Sunray Oil Co. described. Photos, 
graphs, diagrams.—I NCO. 15292 


7.7 Electrical, Telephone 
and Radio 


7.7, 8.4.3, 5.4.5 

How Combat Corrosion Equip- 
ment. Paper before 
Natural Gasoline Assoc. America, 
Rocky Mountain Mtg., Oil Gas 
J., 56, No. 113 (1958) Jan. 13. 


CORROSION 


ENGINEERS Vol. 


Atmospheric conditions existing areas 
sour-gas and oil production and pro- 
cessing usually play havoc with exposed 
electrical equipment wiring. 
Standard mercury meters have been found 
satisfactory sour gas measurement. 
Corrosion does take place meter-pres- 
sure shaft bearings unless plastic-sealed 
bearings, such Teflon, 
Pneumatic transmitters having Type 316 
stainless measuring diaphragms proved 
very satisfactory for sour-gas 
measurement and control purposes. All 
meters, transmitters and controller as- 
semblies that are subject corrosion 
are protected painting with Duco 
lacquer. Type 316 has proved very satis- 
factory for all sour-service control valve 
trim, meter and controller elements. 
Type 304 was found generally 
unsatisfactory and its use was soon 
NCO 15178 


INDUSTRIES 
8.3 Group 


8.3.1, 5.4.5 


Rusting and Its Cost Farming. 
Corrosion Technology, No. 
12, 413-416 (1957) Dec. 

Reviews types steel used for farm 
buildings, parts buildings and for 
mobile stationary machinery; forms 
protective measures applicable (paints, 
metallic aluminum and 
galvanizing); and proper surface prep- 
aration. Efficient painting system (which 
should last 7-10 years) should consist 
coats priming paint, one under- 
coat and one finishing coat, producing 
thickness least 0.005-in. Photo- 
graphs show fertilizer discs with various 


anti-corrosion treatments before and 
after 15140 


8.3.5 


Corrosion and Food Manufacture. 
Corrosion Prevention Con- 
trol, No. 37-40, (1957) Sept. 

Background for discussion corro- 
sion problems food industry pro- 
vided consideration changes 
flavor, odor and appearance and pos- 
sibility toxicity, due metallic con- 
taminants food. Discussion covers: 
natural inhibitors foods (fat, gelatin, 
sugar, sodium nitrate formed cured 
meats): use stainless steel equipment; 
use copper jam-making industry 
(where sulfur dioxide used 
servative) and manufacture boiled 
sugar confectionary; problems encoun- 
tered and materials used handling 
meat products and cured meats; corro- 
sion tinplate cans and use lacquers 
and dip-treatments; and use plastics. 
—INCO. 15082 


8.4 Group 


8.4.5, 3.5.4, 6.2.5 


Radiation Damage Experiments for 
the Homogeneous Reactor. 
Oak Ridge National Lab. Atomic 
Energy Commission Pubn., CF-51-4-57, 
April 13, 1951 (Declassified 14, 
1957), pp. Available from Office 
Technical Services, Washington, 

Tests the effects irradiation upon 
uranyl sulfate solutions were conducted 
using highly enriched uranyl sulfate 
solution light water contained 
Type 347 stainless steel system. The 
fuel and heat transfer medium for the 
Homogeneous Reactor Experiment. Re- 
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You may mistaken. Today the picture changing. In- 
creased demand and new production techniques are fast 
bringing their cost and availability down earth for many 
commercial applications. 

fact, many companies are finding that their use often 
more than compensates for their extra cost unparalleled 
corrosion resistance high temperatures, better perform- 
ance and longer service life. 

you have special problems heat corrosion resist- 
ance...a difficult application that demands unusual mechan- 
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help you use them. 
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during irridation are presented. Extensive 
studies the corrosive effect the solu- 
tion showed excellent corrosion resistance 
18-8 stainless steels and titanium 
100 but 250 corrosion stain- 
the uranyl ion resulted. Tests showed 
that pretreatment the steel with 
either nitric chromic acid provided 
protective film hydrous oxides, and 
prevented reduction uranyl ion and 
loss uranium from the solution after 
months’ trial. Although such pro- 
tective film appeared adequate for the 
operation homogeneous reactor, 
in-pile experiments were conducted 
study the effects radiation the 
corrosion the steel container and 
the stability the solution, Conditions 
for pretreatment for each the ex- 
periments, approximate temperature 
during irradiation and duration 
radiation are given table form. Re- 
sults show that the corrosion behavior 
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the presence pile irradiation. pos- 
sible explanation this behavior 
offered. Final tests the behavior 
circulating systems will made the 
Homogeneous Reactor Experiment.— 
NSA. 15113 


8.4.5, 3.7.2, 6.4.2 

Boron—Aluminum and Boron—Ura- 
nium—Aluminum Alloys for Reactor 
AND Beaver. Oak Ridge National 
Lab. Atomic Energy Commission 
Pubn., ORNL-2149, October 17, 1957, 
pp. Available from Office Technical 
Services, Washington, 

Additions small quantities the 
burnable poison, boron, aluminum 
reactor fuel elements offer the possibil- 
ity reducing undesirable neutron-flux 
perturbations, especially those caused 
fuel burnup. This report describes 
techniques for induction melting 
boron-aluminum 
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Corrosion Control 


ccc Company Limited 
Head Office: Box 167, Ont. 
100 Examiner Calgary, 
CANADA 


Surveys & Design 
Installations 


CONSULTING 
ENGINEERS 


FRANCIS RINGER ASSOCIATES 


Consulting 
Corrosion 
Engineers 
Hampden Ave. MOhawk 4-2863 
NARBERTH Phila.) PENN. 
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and Thorium Dioxide Nitric Acid- 
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aluminum alloys for producing materials 
with maximum homogenity. the sev- 
eral boron additions investigated, 
nominal boron-nickel master 
alloy was the most satisfactory for pre- 
paring boron-uranium-aluminum cast- 
ings, while both 1.5 boron- 
master alloys were suitable for_prepar- 
ing boron-aluminum castings. Data are 
presented which indicate that boron 
improves the strength aluminum, The 
corrosion resistance nominal 0.1 
alloy comparable with type 1100 
aluminum distilled and aerated water 
both and 100 Without the 
nickel, this alloy appears mar- 
ginal these environments. 
NSA. 15123 


8.4.5, 4.3.2, 6.3.21 
The Dissolution Thorium Metal 


DIRECTORY 


your shield against corrosion 


PROVEN EXPERIENCE 
; in installation, Field Survey, Design 
> © RECTIFIER SYSTEMS © GALVANIC ANODES 


YOU CAN RELY RIO 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
CORROSION PROBLEMS 


Essex Bidg. Mohawk 
Narberth, Pa. 4-3900 


SOUTH FLORIDA TEST SERVICE 
INCORPORATED 


Engineers 


Consultants and a in corrosion, 
weathering and sunlight testing. 


4301 N.W. 7th St. Miami 44, Florida 


You can advertise your engi- 
neering services this di- 
rectory for about $1.50 
thousand readers. This 
far the best, least expensive 
and most convenient way 
keep your name before the 
more than 8000 paid read- 
ers CORROSION. Write 
for rates, 1061 
Houston Texas. 
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Cathodic Protection Service engineer using CPS instruments running 
Current-Potential curve one 115 well casings West Texas obtain 
essential cathodic protection design data. These instruments were developed 
through extensive field experience and research. 


FACED WITH SERIOUS EXTERNAL 
casing corrosion, the West Texas operator 


these 115 wells selected Cathodic Protection 
Service design and install the most econom- 
ical protective system consistent with quality 
materials and workmanship ALL 
NEGOTIATED BASIS. 

Well casing protection just one area 


this specialized engineering field which own- 
ers and operators have come realize that 
competitive bidding involving engineering judg- 
ment, know-how and integrity can become 
frustrating and expensive experience. 

Cathodic Protection Service offers some- 
thing that can neither standardized nor 
specified! 


Cable Address CATPROSERV 


Box 6387 


CORPUS CHRIST! DENVER 
1620 South Brownlee (Golden) P.O. Box Felicity 
CRestview 9-2215 


TUlip 3-7264 


cathodic protection service 


Houston Texas JAckson 2-5171 


NEW ORLEANS ODESSA TULSA 
5425 Andrews Hwy. 4407 Peoria 


JAckson 6-6731 Riverside 2-7393 
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hydrofluoric Acid and Nitric Acid-Am- 
monium Fluosilicate Mixtures. Work 
Done September 15, 1944-June 30, 1945. 
Chicago University, Metal- 
lurgical Lab. Atomic Energy 
Commission Pubn., CC-3576, August 
1946 (Declassified Feb. 15, 1957), 


The “QUALITY” Line 


Good-All rectifiers are known 
the world over for their long life, 
high quality construction, low 
maintenance and generous de- 
sign. These features, addition 
policy individual engineer- 
ing service, have built Good-All’s 
reputation the world’s largest 
manufacturer Pro- 
tection Rectifiers. 


GOOD-ALL ELECTRIC MFG. CO. 


NEBRASKA 


CORROSION TEST SUPPLIES 


Box 4507, Audubon Station Phone Baton Rouge La. 


SERVING CORROSION ENGINEERS AROUND THE WORLD 


CERTIFIED MATERIALS 
TEST SPOOL PARTS 


for Plant and Laboratory Test Programs 
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pp. Available from Office Technical 
Services, Washington, 

satisfactory method has been found 
for dissolving thorium metal 
rium dioxide 25-12 heat-treated stain- 
less steel vessels without excessive cor- 
rosion the vessels. The dissolution 
medium consists strong nitric acid 
containing small amount fluoride 
fluosilicate. The fluoride required has 
harmful effects subsequent sol- 
vent extraction step for separation 
uranium isotopes from the dissolved 
thorium. (auth.)—NSA. 15401 


8.4.5, 4.3.3 


HRT Experimental Evaporator 
Studies—Problem Statement. 
Oak Ridge National Lab. 
Atomic Energy Commission Pubn., 
Cf-55-2-82, Feb. 11, 1955 (Declassified 
Feb. 14, 1957), pp. Available from 
Office Technical Services, Washing- 
ton, 

recover the deuterium oxide from 
the solution removed from the HRT 
core, proposed that the solution 
evaporated approximately wt% 
uranyl sulfate the 
plant, thereby effecting 97% recovery 
the deuterium oxide. study made 
the evaporation from 1.6 wt% 
uranyl sulfate including problems en- 
trainment and condensate contamina- 
tion, evaporator control, solution removal 
and corrosion. Designs for experimental 
evaporators are 


8.4.5, 4.3.3 


Corrosion Stainless Steels 
Uranyl Ammonium Phosphate Filtrates 
from Hanford Waste. BERNHARDT, 
bide and Carbon Chemicals Corp. 
Atomic Energy Commission Pubn., K-405, 
June 1949 (Declassified Feb. 23, 1957), 
pp. Available from Office Technical 
Services, Washington, 

Storage acid filtrates from the UAP 
process for uranium recovery from alka- 
line Hanford waste has imposed the 
problem determining the type 
metal that can used for storage tanks. 
Two stainless steels, 302 and niobium 
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stabilized, have been tested synthetic 


filtrates and found corrode the 


rates 0.007 and 0.045 mil/year, respec- 
tively. These values are much smaller 
than estimated maximum allowable 
corrosion rate mil/year. con- 
cluded that either these stainless 
steels 304 316 stainless steels could 
used the construction tanks for 
storing acid filtrates from the UAP 
(auth.)—NSA. 14927 


8.4.5, 4.7 


Liquid Metal Fuel Reactor Fuel 
Processing Studies. RASEMAN, 
BAUMAN, AND WEISMAN, Compilers. 
Brookhaven National Lab. Atomic 
Energy Commission Pubn., BNL-345, 
January 1955 (Declassified March 18, 
1957, pp. Available from Office 
Technical Services, Washington, 

Small scale studies and loop tests 
were carried out 
uranium/lithium chloride-potassium 
chloride systems estimate the effect 
uranium and cerium concentration 
the respective distribution coefficients, 
the effect metal-metal ion additives, 
the effect redox additives and the 
distribution coefficients the nonvola- 
tile fission products obtained pile 
irradiation. The corrosion stainless 
steel liquid bismuth-uranium alloys 
15402. 


8.4.5, 4.7 


Progress Report for May 1951. North 
American Aviation, Inc. Atomic 
Energy Commission Pubn., NAA-SR- 
Memo-56 (Del.), July 15, 1951 (De- 
classified with Deletions Feb. 27, 1957), 
pp. Available from Office Tech- 
nical Services, Washington, 

Reactor calculations, materials and 
liquid metal system corrosion for op- 
timized plutonium power reactor are 
briefly summarized. Results heat 
transfer study for high temperature 
reactor are tabulated. 
sults the corrosion molybdenum, 
tantalum and graphite liquid metals 
are also tabulated. Work was continued 
the mechanical properties mate- 
rials high temperatures. Some prop- 
erties graphites are listed. Fuel prep- 
aration techniques for the Low Power 
Research are summarized. Exponential 
experiments are described. Data are in- 
cluded the effect cold work and 
irradiation the low temperature elec- 
trical resistivity copper. Surface hard- 
ness measurements 347 stainless steel 
welds NaK are summarized. Work 
the Materials Testing Accelerator 
was also continued.—NSA. 15021 


8.4.5, 5.7.7, 5.9.4, 3.2.2 


Shielding Reactor Corrosion Studies. 
Oak Ridge National 
Lab. Atomic Energy Commission 
Pubn., ORNL-967, July 1951 (Declas- 
sified March 1957) pp. Available 
from Office Technical Services, Wash- 
ington, 

The investigation corrosion fil- 
tered water MTR-type fuel elements 
simulated this study samples 
and 72S-clad aluminum and 
aluminum brazing for the Shield- 
ing Reactor reported. The study in- 
cluded two basic types protection Ele- 
ment pretreatment, either anodizing 
alodizing; and solution control, using 
6.5 the addition ppm sodium 
chromate potassium chromate 
inhibitor. pretreatment was effective 
stopping pitting attack for more than 
four months maximum. Control 
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Built the La.-Miss. Pipe Line 
Construction Co. N.C., Inc. for 
the City Shelby, North Carolina, 
this six-mile line six-inch pipe 
will serve the new fiberglass plant 
there. insure complete protection, 
Roskote Mastic was used. 
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Low cost—and superior—pipeline protection 
with Roskote Cold-Applied Mastic 


Six miles six-inch pipe job? sure, 
but representative the bulk pipeline jobs. 
Whether two miles two-inch twelve miles 
twelve-inch, Roskote and the manually operated 
Roskoter provide fast, positive protection lowest 
cost. 

Two coats were applied this job, using two 
Roskoters (shown position the line), traveling 
just “drying time” apart—which for Roskote only 
half hour. 

Roskote has high electrical resistivity and extreme 


ROYSTON LABORATORIES, Inc. 
Blawnox, Pittsburgh 38, Pa. 
LEADER THE FIELD INDUSTRIAL 
COATINGS FOR CORROSION CONTROL 


PHILADELPHIA SANDIEGO TULSA 


Z 


resistance all corrosive environments. dries 
tack-free film minutes less. Unaffected tem- 
peratures from sub-zero 250°F., Roskote will not 
oxidize, scale check. bonds readily previous 
coatings, such Roskote, coal tar asphalt. Roskote 
may applied also brush, glove spray. 

For complete technical information Roskote and 
the time-saving, cost-saving Roskoter, please clip and 
mail the coupon below. 


ROYSTON LABORATORIES, inc. Cc 
Pittsburgh 38, Pa. 


Please send without obligation complete technical information on 
Roskote and the Roskoter coating device. 
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GACO and H-2 


Hypalon maintenance 
coatings and liquid linings 


Bright fast colors, air cure, high tensile, and greater 
hiding power feature GACO formulations Hypalon, 
the new duPont synthetic rubber with superior cor- 
rosion resistance. GACO Hypalon coatings are unaf- 
fected ozone, have unusual weather and abrasion 
resistance, and are suitable for continued use 
elevated temperature. Wide choice color with 
sacrifice other physical properties open new areas 


application for GACO Hypalon coatings. Write 
for details. 


FOR HEAVY-DUTY CORROSION SERVICE 
THE GACO CORROSION PROTECTION SYSTEM 


Challenge: When paint ordinary corrosion protec- 
tion products won’t the job, specify GACO. 
complete line: Neoprene, Natural Rubber, Vinyls, 
plications throughout the world. And Complete 
Service. There’s GACO Corrosion Specialist your 
area prepared serve your needs. Write for further 
forward case studies interest. 


THE MARK OF CORROSION PROTECTION 
GATES ENGINEERING COMPANY 


99, Delaware 
PIONEER LEADER PROTECTIVE COATINGS 


AUTHORIZED DISTRIBUTORS PRINCIPAL CITIES U.S.A. AUSTRALIA BELGIUM 
ENGLAND FINLAND FRANCE ISRAEL JAPAN NORWAY OKINAWA 
PHILIPPINE ISLANDS PUERTO RICO SWEDEN. CANADA: GACO PRODUCTS 
LTD., BRANTFORD, ONTARIO. 
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and the same time reduce the over-all 
corrosion rate essentially zero. (auth). 


15006 


8.4.5, 5.8.2 

Decontamination HRE Loop. 
Quarterly Report for Period November 
1952 January 1953. McNAMEE. 
Oak Ridge National Lab. Atomic 
Energy Commission Pubn., CF-53-2-75, 
Feb. 1953 (Declassified Feb. 16, 
1957), pp. Available from Office 
Technical Services, Washington, 


The corrosion characteristics 347 
stainless steel piping for the HRE were 
investigated. Specifically, several solu- 
tions and corrosion inhibitors were 
tested order develop satisfactory 
procedure for removing radioactive fis- 
sion product contaminants. 
tions were found which appeared satis- 
factory: Scale-Loosening Solution No. 
(1.2M hydrochloric acid and 
furic acid), and Pickling Solution No. 
(1.2M hydrochloric acid and 0.7M Phos- 
phoric acid). Alkyl Pyridines was 
shown satisfactory corrosion in- 
hibitor for each solution. Solution No. 
15, inhibited with Alkyl Pyridines HB, 


8.4.5, 6.2.5 

Reactor Materials. Chapter 10. 
Evans. Oak Ridge School Reactor 
Technology. Atomic Energy Com- 
mission Pubn., CF-52-8-148 (Chap. 10), 
December 23, 1952 (Declassified Feb. 
16, 1957), pp. Available from Office 
Technical Services, Washing- 
ton, 

Stainless steels and their compositions 
and properties are described 
lated. Corrosion behavior, impact strength, 
stress rupture, tensile strength, yield 
strength, creep, hardness and elasticity 
are some the properties 
NSA. 14936 


8.4.5, 6.2.5, 4.6.2 


The Corrosion Behavior Various 
Stainless Steel Boron Alloys 680 
Water for Use Possible Burnable 
Knolls Atomic Power Lab. 
Atomic Energy Commission Pubn., 
KAPL-M-DCB-2, May 28, 1957, pp. 
Available from Office Technical Serv- 
ices, Washington, 

Burnable poison specimens 
less steel containing 0.96 
boron were exposed high purity water 
680 (2700 psi). The results indi- 
cate that neither the fabrication meth- 
ods used boron additions within the 
range investigated alter the corrosion 
14934 


8.4.5, 6.3.17 

Resume Uranium Alloy Data-X. 
house Electric Corp. Atomic 
Energy Commission Pubn., WAPD- 
Nov. 14, 1955 (De- 
classified March 1957), pp. Avail- 
able from Office Technical Services, 
Washington, 

The principal developments the 
PWR uranium fuel program consisted 
the bond-line attack coextruded 
lithium-uranium system, aluminum-base 
alloys barrier layers for fuel 
elements, corrosion mechanism for bare 
silicon-uranium systems, irradiation, in- 
duced transformation molybdenum- 
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uranium and niobium-uranium alloys 
uranium dioxide irradiation program.— 
NSA. 14983 


8.4.5, 6.3.20 

Effects Radiation the Electro- 
chemical Activity Zirconium. (In 
Inst. Physical Chemistry Acad. 
Science U.S.S.R. Doklady Akad. Nauk 
SSSR, 114, 143-145 (1957) May 

The relationship between electron 
radiation intensity and electrochemical 
activity was evaluated for zirconium- 
aluminum and zirconium-iron couples 


sodium 15044 


8.4.5, 7.2, 6.2.5 

Piping Systems and Metallurgy for 
Nuclear Applications. Power Eng., 61, 

No. 12, 114, 116, 118 (1957) Dec. 
Discussion basic mechanism 
radiation damage and how affects pip- 
ing design and metals used piping 
systems. Except primary loops han- 
dling highly radioactive fluids much 
piping nuclear power plant does not 
differ from that conventional steam 
plant. Argonne nuclear plant exten- 
sive use was made stainless steel 
reduce number corrosion and erosion 
particles. Piping, valves and fittings 
auxiliary systems are stainless steel 
but because high cost this mate- 
rial, design provided that only piping 
feed water and steam systems connected 
directly reactor the material. 
Thermal insulation the more highly 
radioactive parts these piping systems 
stainless steel wool since normal 
insulating material would break down 
under radiation. For each type re- 
actor primary loop piping presents 
different corrosion problem. case 
water cooled reactors radiation provides 
constant source dissolved oxygen 
which together with decomposition prod- 
ucts are factors steel corrosion. Since 
reactor piping general must provide 
for long operation, accumulation corro- 
sion products carried from piping reac- 
tor intolerable and thus pipe and valves 
must corrosion resistant materials. 
case liquid sodium heat transfer, 
there also exists problem attack 
upon steel and nickel-chromium austenitic 
steels are deemed necessary resist it. 
Where liquid bismuth the medium, 
there are mass transfer considerations 
and chromium-molybdenum ferritic steels 
have given most favorable performance 
characteristics date, Perhaps most 
extreme piping corrosion that 
contended with aqueous homogene- 
ous systems, where highly resistant lin- 
ing materials are sought. 
15050 


8.8 Group 


8.8.1 


Large-Scale Continuous Production 
MACHER AND Stern. American 
Potash and Chem. Corp. Chem. Eng. 
Progress, 53, No. 428-432 (1957) Sept. 

Describes existing large-scale mod- 
ern plant for production ammonium 
perchlorate, including details process, 
instrumentation and operating variables. 
Preliminary experimental work solu- 
bility, safety considerations and mate- 
rials construction discussed. All 
welded piping and medium size vessels 
are heat-treated 316 stainless. Sec- 
tions plant contact with excess 
hydrochloric acid were constructed 
glass lined steel Hastelloy Table 
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MALONEY CROSSING INSULATORS have Quality Where Counts. 
engineering for effective service minimum cost; rubber and 
plastics compounds that provide trouble-free long life; and 
manufacture insure ample strength under the adverse 
installation and operation conditions. 

The three basic models designed Maloney engineers 
provide solution the widest variety installation problems. 
Standard sizes range from two inch carrier all models, 
unlimited sizes steel-and-Neoprene, and inch carrier plas- 
tics. There performance proven Maloney insulator for your 
crossing, even the carrier-casing differential only one pipe size. 


SEND ‘EM HOME STYLE 


The Maloney Texas Steer makes the toughest part 
the crossing easier. Temporarily installed the casing, 
the Texas Steer makes possible faster insertion the 
prepared carrier section without damage pipe-wrap, 
and eliminates hanging-up insulators. Saves valu- 
able hours and material. Available direct purchase 
one several lease plans. 


TEXAS STEER 


HOUSTON TULSA LOS ANGELES PITTSBURGH CHICAGO 


YOUR DISTRIBUTOR 
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gives corrosion rates ammonium per- 
chlorate Hastelloys, 300 series 
stainless steels, Inconel, nickel, Monel 
and cast iron. Photos, diagrams, graphs. 
—INCO. 15419 


8.8.5, 3.7.3 

Defects Plated Zinc-Base Die-Cast- 
ings. Metall, 11, No. 480- 
484 (1957); Bull. Brit. Non-Ferrous 
Metals Research Assoc., 37, No. 338, 352 
(1957). 

Various defects, arising either the 
casting the plating process are dis- 
cussed the light photo-micrographs. 
The article then deals with the effect 
heating during the lacquering process 
the adhesion the plated coatings. 


—RPI. 15048 


8.8.5 

Composite Castings Aluminium- 
Bronze and Steel: Improved Corrosion- 
Resistance and Stiffness. 
183, No. 4757, 594-595 (1957). 

The development composite cast- 
ings made casting aluminum-bronze 
steel core enables the corrosion- 
resistance and non-sparking character- 
istics aluminum-bronze com- 
bined with the low cost and high strength 
steel. The design and production 
such castings are described, and the ap- 
plication the technique the manu- 
facture pneumatic diggers and rotary 
pumps 14996 


8.9 Group 


8.9.3, 5.4.5 
What are the Qualities Good 
Asphalt Pipe Coating. Bram- 
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BLE. Pipe Line News, 29, pages 
(1957) Sept. 

Considers the entire complex de- 
teriorative which come into 
play the moment pipeline cleaned, 
coated, wrapped, lowered into the ground, 


and 14954 


8.9.3, 5.2.3, 4.2.7 

Venezuela’s Corrosion Problem 
Special One. Venezuelan 
Atlantic Refining Co. Petroleum Engr., 29, 
No. 12, D28-D31 (1957) Nov. 

Discussion external corrosion con- 
trol oil and gas pipelines Vene- 
zuela includes information value 
any area similar soil and climatic 
condition. Pipelines are being. operated 
jungles and rain forest eastern 
Venezuela, the north central 
area, Coastal Range along north coast 
line, foothills Andes and along 
coast and under waters Lake Mara- 
caibo, During rainy 
way are impassible and during dry season 
rate corrosion reduced point that 
detection almost impossible. Soil re- 
sistivity surveys during dry 
seasons are worthless; cathodic pro- 
tection with rectifiers contemplated, 
current requirement test conducted dur- 
ing rainy season will provide most val- 
uable information available. Most widely 
employed corrosion mitigation device 
line blocking (placing supports under 
surface pipelines); various types sup- 
port designs are discussed. cathodic 
protection, cast magnesium anodes are 
limited protection river and road 
crossings. Lake Maracaibo, combi- 
nation aluminum pipe, concrete jacket 
and installation below mud-line combats 
problem teredo.—INCO. 14981 


BLDG. 
1038 4th Street 
Gretna, La. 
FOrest 


8.9.3, 5.4.5 

Internal Surface Coating Pipe. 
WILson AND Inst. Gas 
Technology. Gas, 33, No. 107-108, 112 
115-116, 121 (1957) July. 

Major portion pipeline dust 
oxide, formed corrosion pipe sur- 
face which can damage pipe fittings and 
regulator valves abrasion, contribute 
inaccurate orifice metering adher- 
ing eroding edge orifice plates 
and cause faulty operation appliances 
through stoppage orifices. Presence 
water essential corrosion process 
and corrosion promoted presence 
hydrogen sulfide, oxygen and carbon 
dioxide. Dehydration 
tion natural gas processing plants 
its transmission proved effec- 
tive eliminating internal corrosion 
and maintaining flow efficiency gas 
transmission pipelines. Method pre- 
venting interior corrosion pipe 
coating inside surface with corrosion 
resistant material discussed. Survey 
literature and industry practice was 
made determine present state art 
internally coating pipe and ascertain 
which types plastic coating materials 
could expected withstand gas pipe- 
line service conditions. Industrial expe- 
rience, methods applying coatings, 
materials recommended for interor coat- 
ing and results laboratory tests 
coating materials are given. Photos, table. 


—INCO. 15153 


8.9.4, 6.2.5 

Alloy and Special Steels Railway 
Work. Paper before Sym- 
posium Alloy Steels, Nat. Metall. 
Lab., Jamshedpur, India, 1956. Metal- 
56, No. 334, 74-76 (1957) August. 

Refers applications alloy steels 
locomotives, motion parts, drawgear, 
springs, tires, rails and cars. Use 
boiler shell and firebox containing 1.75- 
2.0 nickel enabled saving weight 
over tons with service design based 
tensile strength; when nickel 
short supply, good quality higher man- 
ganese steel would suffice. motion 
steel 50-60 tsi ultimate tensile stress 
saved 1000 weight compared with 
40-45 tsi manganese-molybdenum steel. 
Chromium steel rail with structure 
tempered martensite gave best wear 
sharp curves. Austenitic manganese 
steel rail gives excellent service busy 
crossings. Chromium austenitic 
inserts (245 Brinell) welded from Armex 
electrodes into running surfaces 
ordinary rails gave remarkable wear re- 
sistance. Copperbearing steel rails cor- 
rode less open air than 
rails; this does not apply steam- 
traffic 15007 


8.9.4, 4.4.9 

Performance Residual Fuels 
High-Speed Diesel Engines. 
before Am. Soc. for Testing Materials, 
Second Pacific Area National Meeting, 
Symposium Railroad Materials, Los 
Angeles, September 18-19, 1956. ASTM 
Special Technical Pubn. No. 214, 51-60, 
disc., 61-62 

investigate high wear obtained 
with residual fuels wear tests were car- 
ried out single-cylinder laboratory 
engines equipped with radioactive piston 
rings. Data effect operating con- 
ditions wear showed that increasing 
jacket temperature and engine load re- 
duced wear. residual fuels sulfur was 
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Over 250,000 fibers glasslike iron silicate guard each cross-sectional square inch wrought iron pipe against corrosion 


Now—4-D Wrought Pipe assures even longer service life 


There’s practical, fool-proof way evaluate piping 
material’s potential corrosive service: check its per- 
forrnance under actual field conditions. 

The photo above shows how standard wrought iron 
pipe measures when this service-life yardstick 
applied. Here you see actual samples taken from wrought 
iron pipe installations variety corrosive services. 
Some these sections came from buildings that were 
being torn down. Some were cut from in-use installa- 
tions our laboratory staff. They tell convincing 
story piping longevity. 

Now, new 4-D Wrought Iron available further 


augment the qualities standard wrought iron, known 
for decades the optimum corrosion resistance. And 
increased corrosion resistance, improved and 
physical properties and greater uniformity widen the 
gap between 4-D Wrought Iron and ferrous substitutes. 
In-service and comparative laboratory tests support 
this conclusively. 

Ask the Byers representative relate the advantages 
new 4-D Wrought Iron your corrosive applica- 
tions. And write for new 4-D Wrought Iron literature 
and test data. Byers Company, Clark Building, 
Pittsburgh 22, Pennsylvania. 


BYERS 4-D WROUGHT IRON 


TUBULAR AND FLAT ROLLED PRODUCTS 
ALSO AMBALLOY ELECTRIC FURNACE STEELS AND PVC PIPE AND SHEET 


Corrosion costs you more than Wrought Iron 
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found have same absolute effect 
wear distillate fuels. However, be- 
cause wear was much higher with residual 
fuels, relative effect sulfur was sub- 
stantially less than with distillate fuels. 
Removal abrasive contaminants 
residual filtration centrifuging sig- 
nificantly reduced wear, Viscosity it- 
self was found have little effect 
wear these laboratory tests. Tables, 
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8.9.4 


Operation Diesel Locomotives with 
Dual-Fuel System. Garin. Paper 
before Am. Soc. for Testing Materials, 
2nd Pacific Area Meeting, Sym- 
posium Railroad Materials, Los An- 
geles, Sept. 18-19, 1956. ASTM Special 
Technical No. 214, 3-46; disc. 47- 
(1957). 

Results obtained from 
search project date have indicated 
feasibility utilizing two fuels 
locomotive Diesel engine, fuel having 
necessary characteristics for good start- 
ing, idling and low output operation and 
other less critical fuel which will pro- 
vide effective high 
Spectrographic analyses fuels X-3 
and X-6 include nickel value. Cylinder 
liners used both fuel control units 
were reclaimed chromium plating 
accordance with normal practice. Two 
types plating were used, pocket-type 
chromium and channel-type chromium. 
Some the former liners were built 
with underlay iron plating, while 
latter liners were replated with chro- 
mium only. Indications are that the 
channel-type chromium has appre- 
ciably lower rate wear than the pocket- 


type chromium plating. Ultimate objec- 
tive project obtain complete 
assembly which relative wear rates 
components are such that complete 
achieve maximum possible 
service life between scheduled over- 
hauls, rather than have one part 
assembly reach its wear limit prema- 
turely. Graphs, diagrams, 
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8.9.5, 5.4.5, 4.6.11, 7.3 


Corrosion Prevention the Stern 
Prevention Control, No. 

35-40 (1957) Dec. 

area ship comprises pro- 
pellers, their supporting brackets, rudder 
and area hull vicinity these fit- 
tings. Propeller shaft, brackets and rud- 
der are steel, while propeller itself 
normally made bronze. protection 
against galvanic corrosion has 
provided for the hull and steel fittings. 
aggravate problem, shape some 
the fittings makes effective protection 
coatings more difficult. Most serious 
form deterioration, however, occurs 
service resulting from motion pro- 
pellers the sea. Turbulence set 
around propellers very severe and 
capable removing many the tough- 
est and most adherent coatings from ad- 
jacent areas and propeller itself may 
suffer cavitation attack. Prevention 
corrosion discussed cathodic 
protection conjunction with neoprene 
rudders and shaft brackets. Defec- 
tive areas rudders and brackets could 
repaired spraying, following 
zinc spray, and then neoprene coat- 
ing rubber cured situ. Best single 


Vol. 


contribution solution would 
fabricate propeller material having 
little electrochemical effect 
nearby metals and which resistant 
cavitation attack. metals, titanium 
shows some promise, but although 
has good resistance corrosion, much 
more requires done before can 
said that titanium propellers are an- 
swer problem corrosion stern 
areas. 14967 


8.9.5, 6.4.2, 3.7.3 

Light Alloys Shipbuilding. 
Metal Ind., 91, No. 16, 337- 
339 (1957) October 18. 

Problems connected with the use 
aluminum shipbuilding are discussed. 
The choice the alloy used 
determined the best compromise be- 
tween mechanical strength and corrosion 
resistance under marine conditions. For 
plate and extrusion Lloyd and the Brit- 
ish Standards specify aluminum-3.5 
5.5% magnesium alloys, but for some 
other applications aluminum-magnesium- 
silicon alloys, together with cast alloys 
the aluminum-magnesium and alumi- 
num-silicon type are used, Fabrication 
methods are procedures recommended 
the Aluminum Development Associ- 
ation are summarized. Nature and pre- 
vention intercrystalline, stress and 
bimetallic corrosion are discussed. The 
problems welding aluminum are classi- 
fied follows: (1) Chemical affinity 
aluminum for oxygen, coupled with 
the closeness the densities alumi- 
num and aluminum oxide, which intro- 
duce risk oxide inclusion; (2) Strong 
tendency the metal dissolve hydro- 
gen, which introduces risk hydrogen 
porosity; (3) Possibility, with certain 
aluminum alloys, cracking above the 
solids. Basic mechanisms are understood 
all cases, and appropriate counter- 
measures have been devised and gen- 
erally proved 15103 


8.10 Group 


8.10.2, 8.9.4, 6.2.2 


Metallurgy Makes the Difference. 
Inco. Diesel Power, 35, No. 
11, 35-39 (1957) November. 

Discussion cases where metallurgy 
has met mounting challenges increas- 
ing internal temperature and pressure 
Diesel engines. Ring groove pounding 
and piston head burning can pre- 
vented mounting suitable inserts 
made heat resistant high expansion 
metals such Ni-Resist cast iron 
18-8 stainless. High expansion Ni-Resist 
inserts are commonly bonded alumi- 
num alloy pistons the Al-Fin process 
and have proven excellent expedients 
prevent aluminum piston failures. 
some engines corrosive wear occurs 
upper part liners. Effects frequent 
starts, corrosive fuels other corrosive 
conditions can prevented use 
Ni-Resist ductile iron, Use high- 
strength cast irons well chromium 
plating for high surface hardness and 
superior wear has become common 
piston ring practice. Where manifold 
service demands high strength and 
toughness 1200-1450 Ni-Resist 
alloys can obtained the magnesium 
treated ductile variety. When high 
vibratory mechanical stresses are en- 
countered when heavy parts are 
mounted manifold, one the ductile 
Ni-Resist types with its high strength 
and toughness service temperatures 
has withstood the service. Tables, photos. 
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HIGH CURRENT anodes deliver efficiency 


MAGNESIUM 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


matter what the 
application 


STANDARD HIGH CURRENT 
ANODES PRODUCE 
MORE CURRENT THAN 

CONVENTIONAL ANODES 


Because lower circuit resistance, FOUR Standard 
Magnesium HicH anodes will give the 
same protection six conventional anodes. And 
this accomplished without sacrificing current ef- 
ficiency because Standard’s anodes 
are made from H-1 alloy magnesium. This the 
alloy proved thousands installations the 
alloy offering greatest protection. 


Lower circuit resistance permits more econom- 
ical delivery current the installation 
protected. other words, with Standard’s 
anode you get more ampere hours pro- 
tection per pound metal consumed plus 50% 


more current output and protection than with con- 
ventional anodes. 


The only way get full protection and full 
return for each dollar invested insist 
Standard’s Current anodes. Available 
wide variety sizes. 


‘ 


For complete information describing advantages 
anodes write for FREE booklet 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


POTENTIAL ANODE 


PURE MAGNESIUM ANODE 


AMPERE HOURS PER POUND 


ANODE CURRENT DENSITY . Ma/eq. 
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NGS COLD 
APPLIED COATINGS 


from PLASTICS AND COAL CHEMICALS DIVISION (formerly part the Barrett Division) 


Now, with tighter operations, you can’t afford speculate corrosion control! You must 
secure maximum corrosion protection the best price. Only protective coatings from 
Plastics and Coal Chemicals Division offer you high-grade coal-tar materials that have 
been proved and improved for three costs that mean savings expansion 


for you. 


Check the cold coatings you need! Notice the new number that has been assigned each 
product—to help you order faster. After you order today, put this page your top desk 
drawer for quick reference. 


ALLIED CHEMICAL COLD APPLIED 


PROTECTIVE COATINGS 

Fine grade coal-tar coatings applied by brush 
or spray without heating or activators. Prop- 
erties include chemical resistance, heavy 
coating thickness per coat, and fast drying. 
For industrial uses on pipes, valves and con- 
nections; fences, grates and other open 
metal work; interiors potable water tanks, 
cranes, conveyors, and handling equipment; 
and other corrosive areas. 


Chemical Coal-Tar Paint—(#112)—A 


paint for all exposed metal work. Resists 
dilute nitric, sulfuric and hydrochloric acids, 
sulfur fumes and alkali. Use in presence of 
hydrogen sulfide—on pipelines, ma- 
chinery, tanks, masonry and wood. In laun- 
dries, bleacheries, chemical, dye and steel 
plants, mines, bridges, etc. Brush or spray 
on. Two coats last five years under normal 
conditions. Covers 400 square feet per gal- 
lon per coat. Meets Military Specification 
MIL-P-6883. 


Coal-tar material suitable for inside of pota- 
ble water tanks and pipes, hydrants and 
hose houses and equipment where no re- 
sidual taste or odor can be tolerated. Meets 
AWWA D102-55T, Sec. 5.4.6. 
for “Cold-Applied T & O Tar Base Paint.” 


Chemical Industrial Coating—(#120)— 


Special purpose, reinforced, heavy-duty 
coal-tar pitch coating for severe corrosive 
conditions. Brush spray metal, con- 
crete and stone masonry. Reinforced with 
inert minerals. Equivalent to about three 
coats of ordinary paint. Withstands wet heat 
185° and dry heat 400° 


Chemical 


plasticized thixotropic, coal-tar material 
that meets requirements of the U. S. Navy, 
Bureau of Yards and Docks Specification No. 
34Yc. Use exposed metal work where 
corrosion severe due salt spray and 
other reactive conditions—piers, ships, float- 
ing drydocks, service vessels and for off- 
shore oil and gas wells. Use also for nuclear 


installations. Approved Underwriters’ 
Laboratories, Inc. for use septic tanks— 
bituminous coated, System II. 


plasticized, gel-type, coal-tar material that 


meets Bureau Reclamation Specifi- 
cation No. C.A. 50. Apply atmospheric 
temperatures, wherever extra-heavy and 
durable protection required. Protects con- 
crete work, dams, penstocks and bridge 
piers. Also, exposed trestle work, exposed 
concrete or metal work subject to extreme 
corrosion. Used when an engineer desires 
to achieve maximum thickness with mini- 
mum number coats. 


Chemical Service 


Service mastic with high-grade, coal-tar 
pitch base, plastic material. Apply cold 
field joints welded pipe. You don’t have 


_ to prime or torch surface. Use it with our 


Pipeline Fabric. Inert, waterproof, non-corro- 
sive steel surfaces. Not affected soil 
acids and alkalies. Meets Specification SSC- 
153, Type Il. 


PLASTICS AND COAL CHEMICALS DIVISION 


Formerly part of the Barrett Division 


Rector Street, New York 


ay, 
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Review the Phosphate Coatings 


Phosphate coatings are protective in- 
organic finishes that actually change 
the chemical nature metal surfaces. 
The metal reacts with the applied phos- 
phate solution form nonmetallic, 
crystalline coating which serves to: 


Improve paint adhesion 
Provide protection against corrosion 
Increase lubricity friction surfaces 


Facilitate mechanical deformation 
metals 


Decorate—in many instances 


Satisfactory protection steel, zinc 
and aluminum surfaces against corro- 
sion, paint peeling and blistering, and 
hard wear requires precision methods 
chemical conversion coating. 


Types Conversion Coatings 
There are seven classes chemical 
conversion coatings 
fied and used throuzhout industry to- 
day. They are follows: 

phosphate (ACP Granodine®). 
This the heaviest type coating 

(gray color) used for prepaint treat- 
ments steel, iron and zinc surfaces. 
The process requires five six opera- 
tions: cleaning; rinsing; rust removal, 
necessary; coating; rinsing; and 
second rinse. Coating weight ranges 
100 600 per sq. ft. 

Medium large volume production 
automobile bodies, appliances, pro- 
jectiles and cabinets can handled 
effectively. 

The coating solution improves paint 

adhesion forming crystalline de- 
posit over the metal surface. This de- 
posit rough, revealed microscopi- 
cally, and offers ideal gripping 
surface for paint particles. 
phosphate (ACP Thermoil- 
Granodine®). This heavy black 
coating used friction surfaces 
prevent galling, scoring and seizing 
parts. Typical metal parts treated are 
pistons, piston rings, gears, cylinder 
liners, camshafts, tappets and various 
small arms components. 
phosphate (ACP Duridine®). This 
comparatively new process that 
places light coating surfaces for 
improved paint adhesion. Since clean- 
ing and coating occur the same bath, 
has only three five stages. 

The iron phosphate treatment 
spray process suited for medium 
large volume, large small work. Pre- 
cleaning normally unnecessary, 
economy factor its favor. 

Products protected this process 
are steel iron fabricated units, such 


HUGH GEHMAN, Assistant Manager, Product Development Dept., AMCHEM PRODUCTS, INC. 


cabinets, washing machines and 
refrigerators. Weight coating 
100 per sq. ft. 


Zinc phosphate (ACP Lithoform®). This 
crystalline coating produced gal- 
vanized iron and other zinc surfaces— 
improving paint 
adhesion. The purpose the coating 
provide paint-gripping surface 
and prevent the reaction between 
acidic components the paint and 
the zinc metal, with the formation 
soaps and loss paint adhesion. 

This coating applied weights 
500 per sq. ft. There are 
limitations volume production 
size products treated. Zinc 
phosphate coating used zinc alloy 
die castings, zinc cadmium plated 
sheet components, hot dip galvan- 
ized stock, and Galvanneal. 


Amorphous phosphate 
This relatively new protective coat- 
ing for aluminum and aluminum al- 
loys. may used place anodic 
deposition for improved paint adhesion 
and corrosion resistance. 


This coating practical for produc- 
tion any volume. Coating weight 
100 600 per sq. ft. Products 
treated include helmets, belt buckles, 
aircraft and aircraft parts, bazookas 
and rocket motors, roofing and siding. 
Particularly good when aluminum 
painted prior forming. 


Zinc-iron phosphate for oil absorption (ACP 
Permadine®). This relatively 
heavy coating adapted the retention 
rust-inhibiting drying nondrying 
oils and waxes ferrous metal sur- 
faces. The coating applied 
weight 1000 4000 per sq. ft. 


The process satisfactory for large 
small work any volume—nuts, 
bolts, hardware, guns, tools, etc. 


Zinc-iron phosphate for metal forming (ACP 
coating used conjunction with 
suitable lubricant facilitate the cold 
mechanical deformation steel. The 
coating acts anchor for the 
lubricant throughout drawing, extru- 
sion, and cold forming operations. 


successful treatment for prod- 
ucts such blanks and shells for cold 
forming, heavy stampings, impact ex- 
truded shapes, drawn wire and tube. 


For more complete information about any 
one all these chemical conversion coat- 
ings, contact sales representative 
write Ambler, Pa. 


Specified for the Protection Metal Surfaces 


Typical Installations 
Phosphate Coating Systems 


Customer: Truck manufacturer 

Problem: Preparing cab parts for painting 
Cycle: Phosphate wash; phosphate wash; rinse; 
chromic acid rinse; dry 


Customer: Aluminum screen manufacturer 
Problem: Final finish aluminum shade screen 
Cycle: Wash; rinse; phosphate coat; rinse; 
chromic acid rinse; dry 


Customer: Water heater manufacturer 
Problem: Preparation water heater shells 
for synthetic enameling 

Cycle: Phosphate wash; rinse; chromic acid 
rinse; dry 


Customer: Hardware manufacturer 


Problem: Preparing hardware parts for paint- 
ing 

Cycle: Wash; rinse; phosphate coat; rinse; 
chromic acid rinse; dry 


Amchem Products, Inc. 
Ambler 40, Pa. 


CHEMICALS Formerly 
AMERICAN CHEMICAL PAINT COMPANY 


DETROIT, MICH. ST. JOSEPH, MO. 
PROCESSES CALIF. WINDSOR, ONT. 


New Chemical Horizons for Industry and Agriculture 
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, holiday location in, 505t 


““** probability of holidays in, 


Plastic, for gas condensate wells, 
403t 


, lining for tubing in sweet oil 
wells, 223t 


Polyethylene in soil, 213t 
Polyvinyl chloride in soil, 213t 
Rubber, in soil, 213t 


, underwater metal 
protected with, 377t 
Vinyl-aluminum 

exchanger, 187t 


surfaces 


type for heat 


Cold work, effect of on high purity 


aluminum for 100-200 C water, 
226t 


, influence on Inconel corro- 
sion by sodium hydroxide, 47t 


Columbium, resistance of to acids 


and alkalies, 557t 


Company surveys of plastics used 


for coating tubing in sweet oil 
wells, 223t 


ASSOCIATION CORROSION ENGINEERS 


Concrete sewers, 
sion of, 206t 


Condensing vapors, stainless alloys 
corrode by nitric acid containing 
chlorides, 273t 

Contacts, underground, location of 
by electrical measurements, 505t 

Contaminants, interaction of as 
related to deposition in steam 
power plants, 429t 


Convection currents, effect of on 
movement of dissolved oxygen 
in water, 351t 


Coolant, purification of in nuclear 
power plants, 424t 

Coolers, primary, corrosion of in 
coal-chemical plant, 183t 

Cooling system, railroad Diesel, in- 
hibitors tested for, 275t 


Coordinating work in a company 
eathodic protection program, 
533t 


bacterial corro- 


COPPER 


Contamination by, in steam 
power plant make-up systems, 
429t 


Salt water vs, 352t 


Tropical environments, 
in, 73t 


Water stains in, 88t 


testing 


Copper-sulfate half cells, precau- 
tions in use of, 136t 


Corrosion circuit reference dia- 
grams in field corrosion investi- 
gations, 171t 

Corrosion engineering staff organi- 


zation in 16 chemical companies, 
539t 


CORROSION PRODUCTS 


Graphitic, effect on corrosion of 
irons, 485t 


“ layers on ductile iron, 596t 

High pressure power plants, dis- 
tribution in, 209t 

High purity water systems, re- 
moval from, 596t 


Identification of in high purity 
water systems, 424t 


Mild steel in hydrogen sulfide, 
109t, 208t 


Power reactor primary coolant, 
presence of in, 419t 

Steel in inhibited hydrochloric 
acid corroded by, 571t 


Corrosion terms, glossary of, 7l1t, 
319t 


Coupled metals, corrosion rate 
compared with insulated metals 
for various inhibitors, 275t 


Couplings, open, location of by 
electrical measurements, 505t 


Cracking, sulfide corrosion, of al- 
loys, 517t, 524t 


Cracks, austenitic stainless steels 
in hot aqueous chlorides, 249t 


Creosote, coal tar, use on marine 
borers in wood panels, 295t 
“ fractions, effect of in reducing 


marine borer attack on wood, 
348t 


‘ oil wash, carbon steel corroded 
by, 183t 


Crevice corrosion, inhibitors used 
in prevention of on 410 stainless 
steel, 571t 

“ testing for in 
inhibitors, 567t 


evaluation of 


CRITERIA 


Cable, lead sheathed, 
protection of, 165t 


Gas condensate wells, corrosivity 
of, 403t 


Pipe, bare, 
soil, 583t 


steel, buried, 561t 
steel, coated, 561t 
“| steel, submerged, 561t 


Radiant heating pipe in cement, 
333t 


Structures, steel, 561t 


Critical strain, use of in quantita- 
tive sulfide corrosion cracking 
tests, 517t, 524t 


Crude distribution overhead sys- 
tem, inhibitors used on, 567t 


Crude oil vs tank vent linings, 495t 


cathodic 


in high resistivity 


Current-voltage relationship of 


Definitions, 


Deicing salts, 


Demineralizers, 
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Current distribution from mag- 


nesium alloy anodes in parallel 
for ships, 337t 


galvanic anode arrays on ships, 
289t 


glossary of corrosion 
terms, 71t, 319t 


effect on cathodic 
protection of lead sheathed 
cable, 593t 


use of in power 
reactor water, 419t 


Depolarization, hydrogen, theoreti- 


cal and experimental agreement 
of, 463t 


oxygen, 463t 


Deposition of corrosion 


products 
in boiler circuits, 429t 


Design, anodes, sand cast and chill 


cast for active ships, 337t 


plastics, reinforced, 459t 
Desorption of hydrogen in metals, 


562t 


Detection methods used in water 


Difference effect, 


flood corrosion, 255t 

importance of 
in corrosion processes with hy- 
drogen depolarization, 463t 


Differential aeration, cells, forma- 


“ 


tion and influences of in metal 
alloys, 463t 


zine corroded by, 245t 


Diffusion, oxygen, to metals, 463t 
‘“, rates related to passivation 


Distribution system, 


process for metals in hydro- 
chloric acid, 345t 


city, under- 
ground contacts and open cou- 
plings located in by electrical 
measurements, 505t 

“| gas, cathodic protection of, 
533t 

“. gas, records kept in use with, 
451t 


Dry dock pontoons, prevention of 


Duct surveys, 


corrosion in, 150t 


underground cable 
corrosion detected with, 237t 


Dynamic test facility for aqueous 


corrosion studies, 191t 


Dynamic testing of well fluid in- 


hibitors, 193t 


Earth current readings used to 
measure soil corrosivity, 268t 
ECONOMICS 
Cathodic protection, bare pipe 
lines in high resistivity soil, 
583t 


, radiant heating pipe in ce- 
ment, 333t 

Inhibition of condensate gas 
wells, 403t 

Inhibitors for sweet crude sys- 
tems, 193t 

Magnetite filter in high tempera- 
ture water nuclear power 
plant, 596t 

Phosphoric acid plant, selecting 
materials of construction, 357t 

Survey of corrosion engineering 
operations in 16 chemical 
plants, 539t 

Tantalum, columbium, molyb- 
denum and tungsten costs com- 
pared, 557t 


Eddy currents, measurement of to 


determine aluminum corrosion 


rate, 387t 


Electric power, transmission tower 


footing protection, 119t 


Electric resistance method, corro- 


sion meter, design and applica- 
tions, 155t 

, corrosion monitoring of re- 
finery equipment by, 176t 

. for evaluation of thin metal 
film corrosion indicators, 263t 


“ « « inhibitors evaluated by, 


567t 


Electrical measurements, methods 


of making on underground cables, 
237t 

“, use of in field corrosion in- 
vestigations, 171t 
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ELECTROCHEMICAL 


Aluminum, behavior of. in 25 C 
aqueous solutions, 496t 

Corrosion processes, study of, 
463t 

Effects, ductile iron corrosion 
resistance explained by, 485t 

Methods, use of in determining 
corrosion rates of metals, 440t 


Electrode area, metal alloy resist- 
ance changes affected by, 463t 

relationship to polarization 
and corrosion, 329t 

Electron diffraction, corrosion 
products on mild steel identified 
by, 109t 

Environmental variables, polariza- 
tion measurements related to, 
440t 

Epoxy, container linings, 100t 

“, resin in reinforced linings, 133t 

Ethylene glycol, metals inhibited 
by, 275t 

Evaporator, stainless steel, fission 
products on, 273t 


Fertilizers, inhibition of corrosion 
in, 203t 


Field measurements, cathodic pro- 
tection, 171t 

Films, moisture, corrosion process 
in, 463t 


, passivating, for stainless steels 
in hot aqueous chlorides, 249t 


‘“, thin metal, used as corrosion 
indicators, 263t 

Filter axial bed, corrosion prod- 
ucts removed with, 424t 

Fingerprints, copper alloys, stain- 
ing by, 88t 

Flood waters, corrosive agents in, 
255t 

Fluorine, 316 stainless steel vs, 357t 

Fluorocarbons as container lin- 
ings, 100t 

Forms used by gas company in 
cathodic protection, 533t 

Fouling, marine, cathodic protec- 
tion’s effect on, 126t 

Fuels, vanadium pentoxide con- 
taining vs 310 stainless steel, 36t 

Fungi, growth of on buried coat- 
ing materials, 213t 


Furan resin in reinforced linings, 
133t 


GALVANIC 
Corrosion, couples, aluminum- 
steel, aluminum-lead, 1t 

, Steel, in sulfuric acid, 145t 

“, steel, stainless, 389t 

Couples between titanium alloy 
and aluminum, magnesium, 
Stainless steel, 405t 

Coupling, effect of in inhibited 
HCl, 571t 

Steel, corrosion in sulfuric acid, 
145t 


Galvanized water pipes, reversal 
of potential in, 545t 


Galvanizing, transmission tower 
footing protection, 119t 


company, cathodic protection 
work forms used by, 533t 


Gas wells, condensate, corrosion 
problems in, 403t 


GASES 


Dissolved, steel in water affected 
by, 341t, 594t 


“. linings, reinforced, resinous, 
vs, 133t 

“| power plant corrosion affected 
by, 209t 


Geometrical considerations in 
uranium-zirconium corrosion rate, 
313t 


Glass, substrate properties of, 263t 


Graphite, construction material in 
phosphoric acid service, 357t 


, layer formation of on iron, 485t 


Grounding, transmission tower 
footings, effect on, 119t 


INDEX VOLUME 


Half-cells, potential readings us- 
ing, 136t 

“, underground cable checked with, 
237t 

Hastelloy C, sulfuric acid plus 
chlorine vs, 401t 

Heat transfer, coefficients, meas- 
urement of, 187t 

“ through coated metal sur- 
faces, 187t 

«« surfaces, effect of on Diesel 
cooling system inhibitors, 275t 


HEAT TREATMENT 

Aircraft frames, steel, effect on, 
389t 

Aluminum, high purity, for 100- 
200 C water, 226t 

Steels, stainless, exposed to hy- 
drogen sulfide at 1000 F, 27t 

Sulfide cracking corrosion of 
steels reduced by, 324t, 524t 

Zirconium-uranium alloys, 414t, 
594t 


Heating systems, checking corro- 
sion of condensate in steam, 141t 

Helium, influence of Inconel cor- 
rosion by sodium hydroxide at 
450-800 C, 47t 

Hexamine as a stabilizer for Leven- 
stein mustard, 280t 

Holidays, cause of in pipe coat- 
ings, 546t 

“, DC method used on pipes to 
locate, 505t 

detected in container 
100t 

Humidity, relative, thin metal film 
corrosion indicators affected by, 
263t 

Hydrocarbons, chlorinated, 
tion with aluminum, 189t 


linings, 


reac- 


HYDROGEN 


Aluminum alloys vs in high 
purity water, 53t 


Blistering, on metals, 562t 


Charging, stress corrosion of 
steel affected by, 324t 


Influence on Inconel corrosion 
by sodium hydroxide at 450- 
800 C, 47t 


Influence on steel vs hydrogen 
sulfide, 109t 


Kinetics of absorption, desorp- 
tion and permeation of metals, 
562t 


Retention in molecular com- 
pounds, 562t 


HYDROGEN SULFIDE 
Catalytic reformers, attack on, 
15t 
Concrete sewers vs, 206t 


Corrosive effect of in acid clean- 
ing of refinery equipment, 571t 


Flood waters, presence of in, 
255t 


Inhibitor performance for refin- 
eries affected by, 567t 

Nickel alloys vs amine solutions 
containing, 105t 


Steel, failure of by, 324t 
“ mild vs, 109t, 208t, 341t 


“, stainless, austenitic in steam, 
vs, 159t 

“| stainless, corrosion of at high 
temperatures, 305t 


“, stainless, effect on at 1000 F 
or lower, 27t 


Immersion, metals tested in tropi- 
cal waters, 73t 


Impact, damage to pipe coatings, 
546t 


Impingement attack, testing for in 
inhibitor evaluation, 567t 


Impurities, information on corro- 
sion by acids, 59t 


Incoloy, amine solutions in, 105t 
Inconel, oil ash corrosion of, 369t 


“, sodium hydroxide vs, at 450- 
800 C, 47t 


Indicators, electrical, hardware 
packaging checked with, 263t 


“, thin metal film, corrosion, 263t 


Induction period, 


importance of 
in chlorinated hydrocarbons vs 
3003 aluminum, 189t 


INHIBITORS 


Acid cleaning corrosivity of re- 
finery equipment reduced by, 
571t 

Ammonium thiocyanate vs 
NH4NO3-NH3-H20, 203t 

Bicarbonate ion used as, for 
water pipes, 285t 

Boron-nitrite type for railroad 
Diesel cooling systems, 275t 

Cericious, vs stainless steels ex- 
posed to acids, 59t 

Cetyl trimethyl ammonium bro- 
mide vs hydrogen sulfide for 
steel, 193t 

Cupric cations vs stainless steel 
exposed to acids, 59t 

Evaluation of, by electrical re- 
sistance method, for refineries, 
155t, 175t 

“, through linear polarization 
measurements, 440t 

Ferric salts vs stainless steel ex- 
posed to acids, 59t 

Floating, used in dry dock pon- 
toon, 150t 

Gas well condensate corrosion 
reduced with, 403t 

Halogen in white fuming nitric 
acid, 82t 

Hydrofluoric acid vs fuming 
nitric acid for aluminum and 
steel alloys, 345t 

Metallic cations, use of as, 308t 

Nitrites, mechanism of, 103t 

Oil ash corrosion reduced by, 
369t 

Railroad Diesel cooling system 
reduced with, 275t 

Refinery, evaluation of, 567t 

Soluble-oil, for railroad Diesel 
cooling systems, 275t 

Stannic, vs stainless steel ex- 
posed to acids, 59t 

Statistical concepts in 
of, 193t 

Sulfonate, 305t 

Surface stain of copper and 
brass, 88t 

Tetramethylammonium bromide 
vs bis (2-chloroethyl) sulfide 
on steel, 280t 

Thiourea vs ammoniating liquids, 
203t 

2-mercaptoethanol plus sodium 
arsenate vs ammoniating liq- 
uids, 203t 

Titanium in fuming nitric acid, 
corrosion rate reduced by, 283t 

Water flood corrosion mitigated 
with, 255t 

Zine ions used as, 375t 


testing 


INSTRUMENTS 
Aluminum, corrosion in flowing 
water, 387t 
Aqueous corrosion, dynamic test 
facility for, 191t 


Electrical resistance corrosion 
meter, design and application 
of, 155t 


« ** use of in refineries, 175t 


Insulation, pipe, method to detect 
flaws in, 505t 

“, pipe type electric transmission 
lines from station ground busses, 
493t 

“, resistance, measurements on 
coated pipes and cable in soil 
boxes, 213t 

Intergranular corrosion, aluminum, 
cold worked, in 100-200 C water, 
226t 

Interrupted current method, con- 
tacts on underground pipe lo- 
cated by, 505t 

Interstitially held hydrogen atoms 
in structural materials, 562t 


IR drops, contacts on underground 
pipe located by, 505t 


IRON 
Admixtures, effect on corrosion 
resistance in sodium chloride, 
463t 
Cast, corrosion rate related to 
mineral quality of water, 285t 


IRON—Continued 


Cathodic protection of in sodium 
chloride at 25-92 C, 200t 

Compounds, resistance of to 
fuming nitric acid, 345t 

Contamination by in steam 
power plant make-up systems, 
429t 

Ductile, corrosion resistance to 
alkalies, acids, salts, organic 
compounds, and waters, 485t, 
596t 

Effect of in magnesium alloy 
anodes for ships, 337t 

Grey, cast, 485t 

Hydrochloric acid vs, 463t 

Malleable, 485t 

Nickel, alloys of, oxidation at 
1050 C, 179t 

Nickel, effect of as an alloying 
material, 308t 

Oxygen vs at 700-1000 C, 39t 

Sulfur dioxide vs, polarographic 
study of, 578t 


Isobutane tower, corrosion of dur- 
ing acid cleaning, 571t 


Kansite, formed on mild steel in 
hydrogen sulfide solutions, 109t 


Kinetics, absorption, desorption 
and permeation of metals, 562t 


“, study of in initial cadmium 
corrosion in salts, 409t 


Lattice constant determination in 
iron-nickel alloys, 179t 


LEAD 
Cable, tested in manhole waters, 
85t 
Pyridine bases vs, 183t 
Salt water vs, 352t 


Tropical environments, 
ance to, 73t 


resisit- 


LEAK 

Classification, on bare pipe lines 
in high resistivity soil, 583t 

Rates, plotting of in cathodically 
protected radiation heating 
pipes, 333t 

Record, keeping of on bare pipe 
in high resistivity soil, 583t 

Survey, natural gas distribution 
system, keeping of, 451t 


Limnoria, coal tar creosote frac- 
tions used on in woods, 348t 


“vs wood panels, 295t 


Linings, protective, for steel ship- 
ping containers, 100t 

“ reinforced plastic, for industrial 
uses, 459t 

Light, polarized, corroded surfaces 
examined in, 53t 

Light-oil recovery equipment, cor- 
rosion of, 183t 

Liquid phase corrosion of metals 
in fuming nitric acid, 345t 

Localized corrosion in sulfuric acid 
handling equipment, 305t 

Loop, recirculation, aqueous corro- 
sion testing in, 191t 


Magnesium-aluminum alloy, stress 
corrosion cracking of, 531t 

Magnetite, effect of in boilers, 209t 

“used as a purification medium 
in high purity water system, 
424t 

Mains, cast iron, cathodic protec- 
tion of, 307t 

“| gas, replacement of, 533t 

“| steel, cathodic protection of, 
307t 

Manganese, alloying effect of, 593t 

‘“ alloying effect of in ferrous 
metals exposed to sulfur dioxide, 
578t 

Manifolds, aluminum, corrosion of 
in motor coaches, 163t 

Marine borers, coal tar creosote vs, 
295t, 348t 


mag- 
rallel 
hips, 
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chill 
tals, 
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MARINE ENVIRONMENT 
Construction materials selected 
for, 352t 


Electrical resistance probe to 
determine corrosion in, 155t 


Steels, experimental, Cu-Ni-P, 
tested in, 501t 


Steels, stainless, precipitation 
hardening, tested for suitabil- 
ity to, 389t 


Steels, structural, tested in, 435t 


Materials, selection of for coal- 
chemical plants, 183t 


MECHANISM 


Absorption and desorption of hy- 
drogen from metals, 562t 


Aluminum alloy corrosion in 
high purity water, 53t 


Aluminum in aqueous solutions, 
496t 


Copper alloys, surface films on, 


Cathodic protection of lead and 
steel by aluminum, It 

Corrosion products on mild steel 
hy hydrogen sulfide, 109t 


Half cells for checking poten- 
tials, 136t 


Inhibition by nitrites, 103t 

Iron oxide, cavity formation at 
700-1000 C, 39t 

Iron surface, in aqueous systems 
at 25-92 C, 200t 

Leaching process of creosote 
from wood, 295t 

Liquid-phase attack of metals in 
fuming nitrie acid, 345t 

Methods for increasing corrosion 
resistance of metal alloy 


Necking in anodes for ships, 337t 

Pits formed inside superheater 
tubes, 57t 

Pitting corrosion of aluminum 
alloys, 531t 


Reduction of sulfurous acid by 
iron to give the sulfide, 57St 
Scale formation in molybdenum 

at 932-1292 F, 2t 
Steel, carbon, corrosion of by 
ammonium thiocyanate, 1s3t 


stainless, corrosion by ferric 

salts, 59t 

Stress corrosion cracking, aus- 
tenitic stainless steels in chlo- 
rides, 249t 

» Magnesium-aluminum alloy, 
531t 

Sulfide stress cracking of steel, 
S24t 

Sweet oil wells, corrosion in, 33t 

Zirconium-tin alloys, 32 


Metal tilms, thin, use as corrosion 
indicators, 263t 

Metal systems, structural, in soil, 
electrical measurements on, 171t 

Metallurgical variables, influence 
in sulfide corrosion cracking, 
517t, 524t 

Methanol, metals tested in for in- 
hibiting effect, 275t 

Microbiological deterioration ot 
buried pipe and cable coatings, 

Microcathode areas, reduction of 
to increase alloy resistance, 229t 

Microcells, theory of, 463t 

Millscale, effect on corrosion rate 


of steel, 435 


Molybdenum, acid and alkalies vs, 


557t 

oxidation of, 2t 

Monel, amine solutions in, 105t 

Monitoring, electrical resistance 
method for refinery corrosion, 
175t 

Morpholine, use of in boiler feed- 
water, 209t, 429t 

Morphological variation in shells, 
relation of to marine borer at- 
tack, 513t 

Mort 

» Silicate, vs sulfuric acid, 455t 


rs, silica, vs sulfurie acid, 


“ 
Motor coach, aluminum as a mate- 
rial of construction in, 163t 


Mustard (bis (2-chloroethyl) sul- 
tide), vs steel, 280t 


NICKEL 
Alloys vs amine solutions, 105t 
Content, effect of in iron-nickel 
alloy oxidation at 1050 C, 179t 
Ductile iron resistance, contribu- 
tion to, 596t 


Tropical environments, testing 
in, 73t 


Ni-o-Nel, vs nitric acid containing 
chlorides, 273t 

Nitric oxide, influence on corrosion 
of 302 stainless steel, 9t 

Nitrites, as corrosion inhibitors, 

103t 

Normalizing to prevent steel cor- 
rosion at welds in sulfuric acid, 
145t 

Nuclear power plants, corrosion in, 
414t, 419t, 424t 

Null Bridge potential measure- 
ments on cables, 237t 

Nutrient inertness tests on coating 
materials, 213t 


Ohmic and diffusional inhibition 
of alloys, 229t 


Ash corrosion, case histories of, 
369t 

Heater, corroded by oil-ash, 369t 

Treatment, use of to reduce oil 
ash corrosion, 369t 

Wells, sweet, plastic coated tub- 
ing in, 223t 


ORGANIZED STUDIES 
Alloys, sulfide corrosion crack- 
ing of, 517t 


Iron and ferrous alloys vs sulfur 
dioxide, 578t 

Marine borer attack on natural 
timbers, 513t 

Methods for increasing the cor- 
rosion resistance of metal al- 
loys, 229t 

Sulfonate inhibitors, corrosion 
and adsorption testing with, 
305t 


Oxidation, inhibitors in nitric acid, 
influence of, 82t 
jron-nickel alloys at 1050 C, 179t 


29 


zireonium-tin alloys, 32 


Oxides, uranium and zirconium, 
phase relationships in, 594t 
Oxidizing agents, linings, resinous, 


29 


reinforced vs, 133 


OXYGEN 

Content, effect on corrosion of 
zirconium-uranium alloys, 414t 

Dissolved, influence of in flood 

water corrosion, 255t 
movement in salt water, 351t 
removed from boiler feedwa- 

ter with chemical scavengers, 

209t 

, VS steel in distilled water, 
341t 

Inhibiting effect of in corrosion 
of titanium by fuming nitric 
acid, 283 

Inhibitor performance affected 
by presence of, 567t 

Iron exposed to at 700-1000 C, 
39t 

Stress corrosion cracking of 
stainless steel, influence on, 
159t 


Overvoltage, on metals, relation- 

ship of to current density, 463 
surfaces, polarization measure- 
ments on, 329t 


Packaging, hardware, thin metal 
films used to detect corrosion, 
263t 


lining for steel containers, 100t 


PAINT 
Formulae, for underwater metal 
systems, 377t 


Steel surfaces in phosphorie acid 
plants, selection for, 357t 
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PAINT—Continued 
Structural steel work in coal- 
chemical plant, use on, 183t 


Systems, for underwater metal 
surfaces, 377t 


PASSIVATION 
Aluminum at 25 C, 496t 
Alloys, conditions resulting in, 
229t 
Metal surfaces with metallic 
fluoride, 345t 
Metals in 0.5 N sodium chloride, 
229t 
Steel, Type 302 stainless, by ni- 
tric oxide, 9t 
Zinc, in aerated zones, 245t 
Perchlorate ion, inhibiting effect 
of cadmium, 409t 
Permeation of metals by hydrogen, 
562t 
Petroleum production, refining, 
eatalytic reformer, corrosion 
data on, 15t 
“sweet oil wells, theory of 
corrosion in, 33t 


pH, INFLUENCE ON 
Cadmium dissolution salts, 
409t 


Cathodic protection require- 
ments on lead sheathed cable, 
165t 

Chloride stress cracking of aus- 
tenitic stainless steel, 588t 

Soil, bacteria growth in, 268t 

Tuberculation in water, 285t 

Water, purification of with bed 
filter, 424t 


Phase diagrams, iron-nickel alloys, 
studies with, 179t 

Phenolic/resin in reinforced lin- 
ings, 133t 

Phenolics, container linings made 
with, 100t 


Phosphate ions, inhibiting effect 
on stainless steel corrosion by 
chlorides, 588t 


PIPE 
Asphalt type coatings for, 373t 
Bacterial 
268t 
Coating evaluation testing pro- 
gram for, 546t 


corrosion, effect on, 


Galvanized, wrought iron, re- 
versal of potential in, 545t 

Locator method, use of to locate 
contacts, 505t 

Microbiological deterioration of 
coatings used on, 213t 

Probability of leaks in, 396t 
tadiant heating, cathodic pro- 
tection of, 333t 

Steel, criteria for cathodic pro- 
tection, 561t 

. electric transmission line, 
cathodic protection of, 493t 


Unplasticized polyvinyl chloride 
for sulfurie acid, 261t 


PITTING 
Alloys, in salt water, ¢ 


t 

Aluminum, in salt water, 597t 

*. alloys, in salt water, 531t 

Boiler tube, by oxygen in feed- 
water, 541t 

Chromium trim, 12 percent, 571t 

Depth, measured on sensitized 


304 stainless steel exposed to 
chlorides and phosphates, 58st 
Depth, redox potential related 
to, on buried pipe, 268t 
Influence of potential in lead 
cable, 8dt 
Steel, austenitic stainless, in 
chlorides, 249t 
, experimental, nickel-copper- 
phosphorus, exposed to. salt 
water, 501t 
‘* structural, in tropical environ- 
ments, 435t 


29 


Sweet oil well, 33t 


Tubes, superheater, failure from, 
57t 


Vol. 


PLASTICS 


Amine cured epoxy, tubing coat- 
ing for sweet oil wells, 223t 
Baked phenolic, tubing coating 
for sweet oil wells, 223t 

Baked phenolic-epoxy, tubing 
coating for sweet oil wells, 
223t 

Chlorine vs, 459t 

Epoxy, chemical resistance of, 
459t 

Nitric acid vs, 459t 

Polyester, chemical resistance 
of, 459t 

Polyvinyl chloride, Type 1, un- 
plasticized, pipes for sulfuric 
acid, 261t 

Reinforced, industrial uses of, 
459t 

Substrate properties of, 263t 

Sulfuric acid vs, 459t 

Sweet oil well use, tubing coat- 
ing for, 223t 


POLARIZATION 
Anion, effect of on initial cad- 
mium dissolution in salts, 409t 
Curves, cathodic, relationship of 
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THE PROBLEM: protect the steel rake arms and influent 
wells three 200’ diameter presediment basins. 


THE ANSWER: impressed current anodes! Strings 
Duriron dia. long anodes were extended along both 
sides the rake arms, hung vertically protect the lower section 
influent wells and center structures, and suspended horizontally 
radius depth four feet below the water level. 

These systems have been operation for months (220,000 
ampere hours per basin). The structures are thoroughly protected, 
and the consumption rate the anodes approximately 0.25 
yr. The life expectancy the systems 15-20 years. 


THE DURIRON COMPANY, INC., Dayton, Ohio 


DURIRON ANODES 


long term protection 


Duriron anodes are available variety 
shapes and sizes for applications fresh water, 
ground bed, and salt water services. For com- 
plete details, see your cathodic protection spe- 
cialist write The Duriron Company, Inc.: 
Dept. CP; Box 1019; Dayton, Ohio, 
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PROBLEM: 


Solution: Specify Time-Tested PITT CHEM 


durable, heavy-duty moisture 
and vapor seal was important consideration 
planning the corrosion and insulation protec- 
tion five 40,000-barrel spheroid butane tanks 
large East Coast refinery.* 

Because its long record maintenance-free 
service the petroleum industry, Pitt Chem 
Insul-Mastic Gilsonite coating was specified for 
the job. Foam glass type insulation blocks were 
imbedded #4010 Vaporseal. The 
same material was used for all joints and sprayed 
final weather sealing coat protect the 
ciency the insulation and prevent corrosion 
the metal structures. glass membrane was 
imbedded the weather sealing coat assist 
withstanding structural movement. Geo. 
Hamilton, Inc., Pittsburgh, was contractor for 
the job. 


PITT CHEM 
Coal Tar Coatings 


PITT CHEM 


PITT CHEM 
Coal Tar 
Epoxy Coating 


PITT CHEM Industrial Coatings are available through 
leading Industrial Distributors. See the Pages.” 


Pitt Chem coatings have equal 
stopping moisture vapor penetration. Unlike 
ordinary asphaltic coatings, they contain Gilsonite, 
one the most chemically resistant bitumens 
known. They withstand extremes heat and cold, 
moisture and dryness, expansion and contraction. 

Specify Pitt Chem for your next 
corrosion-proofing vapor sealing job. 
using the same protection applied many hun- 
dreds pieces equipment the petroleum 
industry, many which have been 
protected for nearly two decades with little 
maintenance cost. 

Pitt Chem Coatings are available 
through your local industrial distributor. Call him 
today for more information, write direct for 
Pitt Chem Corrosion Protection Guide. 


*Name on request. 


